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ABSTRACT

This project involved the characterization of fugitive emissions from three source
categories. Category 1 sources comprised emissions from California oil production
facilides. Site selection criteria were developed, and resulted in the generation of a
prioritized list of locations where emissions from light, medium and heavy crude petroleum
operations would be sampled. At each site, samples from wellhead, pipeline, processing
and storage systems were obtained. Specific components for sampling were pre-screened
for positive hydrocarbon emissions using a portable hydrocarbon analyzer. The sampling
methodology involved collection of 38 samples in evacuated stainless steel canisters.
Detailed emission species profiles were determined by gas chromatography, with flame
ionization detection. Peak identification was based on retention times, as well as separate
gas chromatographic runs using a mass selective detector.

Category 2 and 3 sources included exhaust from utility and heavy-duty engines. The
selection of 21 samples, based on estimates of engine populations in California, was
described. The design and fabrication of a portable exhaust dilution system was discussed.
Diluted exhaust from selected engines was sampled simultaneously for hydrocarbons and
aldehydes. Diesel engines were additionally sampled for higher hydrocarbons.
Hydrocarbon species were collected into evacuated stainless steel canisters. Aldehydes
were absorbed into midget impingers containing DNPH/acetonitrile. High molecular
weight hydrocarbons from Diesel exhaust were adsorbed in sorbent tubes filled with XAD-
2 resin. Hydrocarbons were speciated by gas chromatographic techniques, as with
Category 1 sources. Analysis of DNPH-aldehyde derivatives was performed using high
performance liquid chromatography. Extracts from the XAD-2 resin were analyzed by gas
chromatography, using a mass selective detector.
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DISCLAIMER

The staternents and conclusions in this report are those of the contractor and not necessarily
those of the California Air Resources Board. The mention of commercial products, their

source or use in connection with material reported herein is not to be construed as either an
actual or implied endorsement of such products.
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SUMMARY

In accordance with the Request for Proposal issued by the California Air Resources Board,
this project involved the characterization of hydrocarbon and aldehyde emissions from a
variety of sources. This report deals with Task 1 of that project, the development of a plan
for sampling and analysis, as well as the Task 2 implementation of the approved sampling
plan. Sources to be sampled were divided into three categories:

Category 1 - Qil Production Fugitive Emissions
Category 2 - Utility Engine Exhaust
Category 3 - Farm and Heavy-Duty Engine Exhaust

A RY 1

As originally proposed, 38 samples from this category were to be collected and analyzed.
The numerous components in an oil production field were segregated into "systems".
These systems were classified as wellhead, pipeline, processing and storage. Each of these
systems is progressively farther from the well than the preceding system. A sampling
matrix was developed, consisting of various systems in fields producing light, medium and
heavy crude oil. Samples from two secondary sumps were collected from a flux chamber
in SUMMA electropolished, evacuated stainless steel canisters. Storage tank headspace
samples were collected in evacuated steel canisters. Samples from other systems were
obtained by isolating the selected component(s) with a Teflon shroud, and collecting the
shroud effluent in evacuated steel canisters. Additional samples from several sources were
taken by direct connection of the evacuated canisters to pipe fittings in the distribution lines,
using Teflon tubing. Analyses for desired hydrocarbon constituents were performed using
a variety of validated chromatographic methods. Details on this portion of the study are
reported separately, in Volume I of this report.

CATEGORY 2 AND 3 SOURCES

Using estimates of engine populations in California, a ranking of these sources was
developed. Classification was based on engine type, rather than equipment type. A total of
13 samples from Category 2, and 8 samples from Category 3 was recommended for
sampling. Sampling for these sources involved dilution of the engine exhaust in a portable
mini-tunnel. Hydrocarbons were collected in evacuated stainless steel canisters, while
aldehydes were derivatized in DNPH/acetonitrile filled midget impingers.. High molecular
weight hydrocarbons were adsorbed in XAD-2 sorbent tubes. Hydrocarbon analysis were
performed using gas chromatographic methods. Aldehyde derivatives were analyzed using
high performance liquid chromatography. Extracts from XAD resin were analyzed by GC-
MS.

ix



I. Introduction

The general objective of this project was "to develop improved hydrocarbon species
profiles for oil production equipment, and exhaust from utility and heavy-duty equipment".
(ARB RFP, Feb. 1988). These species profiles, when multiplied by the appropriate
emission rate factors, will yield detailed information on the mass emission rates for specific
compounds. This report is divided into two volumes. The first volume deals with
Category 1 sources (Oil Field Fugitive Emissions). This second volume discusses all
aspects of Category 2 and 3 sources (Engine Tests). To address the various technical
aspects of the project, a team of researchers was assembled. Team personnel, and their
primary roles in this portion of the investigation, are shown in Figure 1.

II. Category 2 and Category 3 Sources

A.  Background

Category 2 sources contain engines with horsepower in the range of 1 to 20. These
“utility" engines cover a wide range of applications, as shown in Table 1. Category 3
sources, heavy duty equipment, encompass engines from 20 to 99+ horsepower . In
addition to determining hydrocarbon compositon (as with Category 1 sources),
characterization of aldehyde emissions from these sources was also performed. In order to
access the results of previous related studies, a literature search was performed. These
references, sorted by year, are shown in Appendix A. Similarly, sorted aldehyde
references are listed in Appendix B. The original literature was reviewed for information
needed to design the sampling system. A summary of pertinent facts about aldehyde
emissions extracted from the literature is shown in Figure 2.

B.  SampleSelection Criteri

As outlined in the original proposal, a total of twenty sources, distributed approximately
equally between Category 2 and Category 3, were to be sampled for hydrocarbon and
aldehyde speciation. In order to assign a priority to each item within a given category,
information about the population of each item was sought. In 1983, the Mobile Source
Control Division of the California Air Resources Board completed an emissions inventory 1
of equipment in these categories. Values listed in this report were used as a starting point
for current California engine populations. A graphical representation of these data (Figure
3) clearly shows the dominance of residential lawn mowers to Category 2 sources. A
histogram of engine horsepower ( Figure 4) reveals that most engines are in the 3 to 6
horsepower range. While the number of engine units presently in California is likely not
exactly the same as reported by ARB in 1983, evidence will be presented later to support
the contention that the 1983 estimates are reasonably close to the current populations.
Category 2 sampling information is summarized in Table 2. Based on the large number of



lawnmowers in use in California, four of the selected samples were lawnmowers in various
configuration and size classes.

A similar analysis was performed for sources in Category 3. Again, earlier ARB estimates
were used as a starting point for the populations shown in Figures 5, 5. and 7. Figures
recently tabulated in Implement and TractorZ listed 1978 and 1988 populations for farm
equipment, both nationally as well as from within California. For the number of sources
tabulated, the differences between 1978 and 1988 populations were on the order of + 10%
. This is illustrated graphically in Figure 7. The dashed line at zero on the graph
corresponds to no change in the 1988 population, relative to 1978. A total of 8 sources
from Category 3 was selected for sampling. Category 3 sampling information is
summarized in Table 3. While Category 3 comprises a large number of equipment types,
many of these items contain similar engines. Thus, during the selection process, an attempt
was made to focus on engine types, rather than equipment types. For example, industrial
tractors utilize engines similar (or identical ) to those used in farm tractors. The same is
true for many of the other non-farm equipment items. The sources shown in Table 3 were
selected on the basis of engine units, rather than equipment units.
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Table 1 - Category 2 and 3 Sources

CATEGORY 2 - UTILITY EQUIPMENT EXHAUST

Misc. Lawn and Garden

Horsepower Commercial Residential
1.0-3.0 Misc. Lawn and Garden
Chain Saws
31-50 Chain Saws Push Mowers

Push Mowers

5.1 -100 Rototillers
10.1 - 15.0 Garden Tractors

Rototillers
General Utility

Garden Tractors

CATEGORY 3 - HEAVY DUTY EQUIPMENT EXHAUST

FARM
1. Agricultural Tractor, 20-99 hp
2. Agricultural Tractor, 99+ hp
3. Track Type Tractor, 20-8% hp
4. Track Type Tractor, 90+ hp
5. Combine

NON-FARM
1. Tractor, Industrial
2. Ditcher / Trencher
3. Loader, Wheel Type 2.5 cu. yd
4. Loader, Wheel Type 2.5 + cu. yd.
5. Loader, Track Type , 20-89 hp
6. Loader, Track Type ,90+ hp
7. Tractor, Track Type , 20-89 hp
8.Tractor, Track Type , 90+ hp

6. Windrower

7. Cotton Picker

8. Forage Harvester

9. Track Loader, 20-89 hp
10. Skid Steer Loader

9, Motor Grader
10. Compactor
11. Crane

12. Scraper
13. Excavator
14. Log Skidder
15. Paver



Table 2 - Category 2 Sample Selection

Itemm Category # of Samples

3.1-5 hp lawnmower 2 3
1-3 hp lawnmower 2 2
1-3 hp string trimmer 2 1
1-3 hp edger 2 1
3.1-5 hp chainsaw 2 1
1-3 hp chainsaw 2 1
1-3 hp leaf blower 2 1
3.1-5 hp rototiller 2 1
5.1-10 hp rototiller 2 1
10-15 hp riding mower 2 1
I3



Figure 2

ALDEHYDES IN ENGINE EXHAUST

-

*2-10 % OF TOTAL HYDROCARBONS
WILL BE ALDEHYDES

* 60 -90 % OF ALDEHYDES WILL BE HCHO

* RCHO EMISSIONS IN METHANOL ENGINES
IS ROUGHLY 10X THAT OF GASOLINE
ENGINES

« ROUGHLY 20 % OF EMITTED ALDEHYDES
WILL BE IN TAILPIPE CONDENSATE

* CONCENTRATIONS EXPECTED: 1-50 PPM
IN UNDILUTED EXHAUST




Figure 3 - Category 2 Source Distribution
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Figure 4

Thousands of units

CATEGORY 2 SOURCES
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Figure 5 - Category 2 Sources
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Figure 6 - Category 3 Sources
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Figure 7 - Category 3 Sources, Continued
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Figure 8

COMPARISON OF 1978 AND 1988 FARM EQUIPMENT POPULATIONS

1.2

1988/1978

ratio,

Population

0.9 I * 1 ' I ¥ { v { " 1 N

tractors combine corn heads trucks bailers harvesters

Source : Implement and Tractor, October 1988
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Table 3 - Category 3 Sample Selection

Item no. of samples Priority

Farm Tractor, 20-99 hp
Farm Tractor, 99+ hp
Farm Track Tractor, 90+hp
Combine

Windrower

Ditcher / Trencher

— e e e NN
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C. ___ Sampling Methodology
1. Sampling Tunnel Design

The sampling method selected for this work evolved according to the path illustrated in
Figure 9 The classical approach to sampling vehicle emissions is to use a constant volume
sampling (CVS) system, in conjunction with a chassis dynamometer. The engine is
typically operated at a variety of speeds, as with the Federal Test Program, and all exhaust
is led into a dilution tunnel. Diluted exhaust is pulled through the tunnel at 650 CFM.
Baugh3 used this method to sample aldehydes in automobile exhaust (Figure 10). For the
types of engines to be tested in this project, the CVS system was too cumbersome to be
practical. The CVS system is essentially a variable-dilution system, necessitated by the fact
that the test engine is operated at a variety of speeds. An alternative to the CVS test
method would involve operating the engine at constant load (hence, constant emissions),
and using a constant (or no) dilution factor. The sampling system would have to
incorporate probes for both hydrocarbon and aldehyde samples. The analytical
requirements for these two classes of compounds demanded separate sampling trains.
With simplicity and portability as important factors, the sampling system illustrated in
Figure 11 was considered. It was based on a minor modification of a Sun MGA-90
analyzer (Figure 12). Complications arising from the analysis of the water separator
contents ultimately lead to the rejection of this design.

The fabrication and operation of a dilution mini-tunnel was described by MacDonald? (see
Figure 13). From this project's point of view, the tunnel had several advantages over other
designs. It was small enough to be portable (less than 6 feet overall), and required no
pump to pull diluted exhaust through it. These were important characteristics, since the
testing apparatus may need to be transported to where the test engines were located. The
modification of MacDonald's design used in this project is shown in Figure 14. The
dilution nozzle was machined from a solid block of aluminum, and turned to provide a
shoulder for attachment of upstream and downstream portions of the tunnel. These
sections sealed with an O-ring into the nozzle section, and could be easily removed for
cleaning or transportation. Instead of having the exhaust pulled through the system with a
vacuum pump (as with CVS), this mini-tunnel used a pressurized zero air source upstream
of the nozzle. Nozzle dimensions were selected that allowed sonic flow through the throat.
The low pressure in the nozzle throat "pulled” exhaust into the tunnel. In the original
reference, Mac Donald verified the absence of stratification with this design. A series of
wall-to-wall traverses revealed essentially no variation in sampled CO2 concentrations in
the tunnel. Unlike the CVS system, only a portion of the total engine exhaust was led into
the tunnel. Since the volume of exhaust handled was comparatively low, comparably low
volumes of dilution air were needed to produce a 10:1 dilution. Thus, zero air from a
compressed gas cylinder was used as a source of dilution air. During operation, a back
pressure valve was adjusted to maintain a slight positive (about 1 inch of water) pressure at
the downstream end of the tunnel. This prevented outside air from entering the tunnel
through any small leaks that may have been present. Diluted exhaust leaving the tunnel
was led away from the test engine by a flexible duct to prevent its re-combustion by the
engine. The CO; content of the raw and diluted exhaust was determined by a Sun MGA-
90 NDIR analyzer.
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Figure 9

POSSIBLE SAMPLING METHODS
FOR HC AND RCHO

* CVS

* NO DILUTION

* MINI-DILUTION

« MODIFIED MINI-DILUTION
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Figure 10 - CVS Sampling Scheme

FLOW
CONTROLLER

TO MEAT
EXCHANGER,
CVS. AND POP,
HCHO INJECTION APPARATUS
ONPH
. SAMPLE
R cantrioge |
o Q — —l
wer Flow  SAMME
SEPTUM NUT meren CONTROULER
HEATING MIXING
con  [l==— con HEATED
LINE
INSULATED ENCLOSURE
COLD CELL ENCLOSURE
“¥~ ADAPTER r._n_.—_]

CHASSIS DYNAMOMETER ‘.01 e

HEATED TRANSFER
LINE

Test cell configuration.

16

)

OILUTION
TUNNEL




1I0d

AL

No Dilution Sampling

Figure .1l -

9pAYSPLY
q Jojeaedas Ul jsneyxo
nM& M\ \pmﬁa ! :ﬁ
—HHM ) m I @ S
/" \
/ 93],
JozAle / Hod 2qo.d
MHMM uoqIedo.IpAy adidyrey

NOILNTIA ON
ONITdAVS LSNVHXA

17



Co-YoW

. 4 Mv211d0 AIIII
NOILYHMO4dHOD DIMLDAN3T sm.w AvoIy12313 ¢——o

PIUVWNING e

JaMo 031880
19207 mo— j-—3 so130101g f—m
P10 euly pROISAQ
WYHOVIAQ X00718
Ajddng
ualimg .
ubuey < 3%%1 ¢ P
01-114 S.ouAg Nl
124 7 1ou0is HQ-vo
02 ) 4 3 10 00 . ]
105%220)4d .\.u-r ..mw—uo:.—ﬁ — - 101414 (PAUNY) M |||||||| > eu“__.:un.__az K
yeubis poy-esju) DoY) I — — — e
S ’
F N J osamos
6riy Yanmg p—
P — voneqes E ueds ~ saddoud (€ di
4 AN
s \ -
Di ¢— oH 19} 5 f N % - L w
.cmwﬂ._u‘:m & 01001009 fe ~ - so1y1 g (Pauny) M llllllll > o X e__n“:w-m A
jeubig A pay-eijul Puyy-eiju
1e5 auyn
Ya1mg ueds @
obuey
07-14
L . . osoydiowly o1
—{ 104
| - & sneyx 3 —"0 uu_amu,.m-um_n_
- 101E Ndsy uannodeuﬂc
ersydiouny ——-——{ .omﬁ,.ﬂu.( O

eraydsowny T
10 811109 %304D lieg

worj seg ojdwesg

arjen lAl_ 1oy J9114 'Hd ¥

0q0id <} adidjej woy
prousjog K P————<F—{ ampuoreg [Fo————————t”  Ol0sedo5 K] edidpe) wneyx 3 sdweg

>u.$.m 4010M

4 RS '
Yyanmg Yamg
wnnara o102

Mat4 A0

v

wonn

" | X3ZATYNVY IDNVWHO0IHId 1SNVYHXI QIY-VYINI

HHZATYNY 06-VOW NNS -8T TINOIL
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FIGURE 13 LITERATURE DILUTION TUNNEL
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The final configuration of the dilution tunnel was developed. Figure 15 shows
construction details. The first operational test of the tunnel was performed using a small
gasoline powered engine. Hydrocarbon CO» concentrations were measured in raw exhaust
with a Sun MGA NDIR analyzer. For this initial test run, the tunnel was operated with
nitrogen gas, and nitrogen-diluted exhaust was measured at the tunnel outlet with the same
analyzer. For all other tests, ultra zero air was used. For widely varying inlet pressures,
the tunnel dilution ratio of roughly 10:1 was remarkably constant. This is in agreement
with MacDonald's work, which formed the basis for the tunnel. Once successful operation
of the tunnel had been demonstrated, attention was turned to the trains for hydrocarbons
and aldehyde sampling. The chief concern was that both trains would operate
concurrently. The problem of flow regulation into the stainiess steel canister used for
hydrocarbon sampling was solved by using a hypodermic needle as a limiting orifice. A
canister fill time of about 12-15 minutes was attained with a 26 gauge needle. This time
was selected to match the minimum sampling time required by the aldehyde sampling train.
Representative sampling setups are illustrated in Appendix C.

2. Sampling for Hydrocarbons in Exhaust

The sampling train to be used for sampling hydrocarbons from the diluted exhaust stream
in the tunnel is shown in Figure 16. It utilizes the same type of evacuated, passivated 3.2
liter stainless steel canisters described earlier. Once steady-state had been reached in the
tunnel, the valve on the canister was opened. Sample entered the canister at a rate
dependent on the critical orifice used. The orifice size was selected to allow sampling times
close to those of the aldehyde train (vide infra) which operated concurrently. The cylinder
valve was closed just before cylinder pressure reached atmospheric pressure. Final cylinder
pressure was recorded, and verified at the analytical laboratory immediately prior to
analysis.

3. Sampling for Aldehydes

Since aldehydes represent a class of reactive organic compounds, the sampling
methodology must take that fact into consideration. Effective aldehyde sampling methods
have become available in recent years5v6. These methods use the reactivity of aldehydes as
the basis for sample collection. Stable aldehyde derivatives may be prepared by reaction
with 2,4-dinitrophenylhydrazine (DNPH), as shown in Figure 17. Early research into
using this reaction involved solutions of DNPH in midget impingers. Variations on this
theme led to the development of DNPH-impregnated solvent tubes. Presently, disposable
cartridges containing DNPH-coated Florisil are commercially available. Initially, the use of
DNPH-impregnated sorbent tubes was explored for aldehyde sampling in exhaust streams.
Uncertainties about concentration limits and break-through ultimately led to the selection of
midget impingers for aldehyde sampling. A modification of EPA’s method TOS has been
shown to be effective in this use. While not the most convenient of the aldehyde sampling
methods, it has been shown? to be free from interferences. The dinitropheniyhydrazine,
DNPH (Matheson), was purified by double re-crystallization from hot acetonitrile. Small
batches of DNPH absorber solutionwere prepared at once, to minimize potential
contamination. The working solution (125 mg DNPH / 250 mL acetonitrile) was stored at
09 Cin a glass bottle kept inside a friction topped metal canister partially filled with
activated charcoal. Just prior to sampling, the impingers were filled with a measured
volume (10 mL) of the absorbing solution, and 150 micoliters of ultrapure concentrated

hydrochloric acid were added. This technique has been shown8 to be effective in
maintaining the purity of the absorbing solution.

21



The final design of this sampling train is shown in Figure 18. Flow through the train was
controlled by a 22 gauge hypodermic needle acting as a critical orifice. Flow through the
train ca. 500 mL/minute) was measured with an electronic soap bubble flowmeter (MINI-
BUCK MS5), traceable to NIST. After sampling, the impinger contents were transferred to
40 mL Teflon-faced screw capped vials, and kept at 0° C until ready for analysis. Detailed
protocols for sampling engine exhaust will be found in Appendix D.
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Figure 16
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Cigure 17

DERIVATIZATION OF ALDEHYDES
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Figure 18 - Aldehyde Sampling Train
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4. Sampling for High Molecular Weight Hydrocarbons

Organics having carbon numbers in the range of C10-C20 were sampled by adsorption
onto cartridges filled with XAD-2 resin. The final design of these cartridges is shown in
Figure 19 The cartridge body was fabricated by ring-sealing a short length of 10 mm glass
tubing inside 0.5 inch Pyrex tubing. A circular stainless steel screen was positioned to rest
against the 10 mm tubing. A plug of Pyrex wool was pushed against the screen to act as a
bed support for the XAD-2 resin. For connection to the tunnel, glass-filled polyethylene
compression fittings (Cole Parmer N-6465-65, N-6387-62) were used. A photograph of
the assembled cartridge will be found at the end of Appendix B. For sampling Diesel
engine exhaust, a stainless steel tee was placed onto the aldehyde sampling port of the
dilution tunnel. A critical orifice attached to a pump was used to regulate flow to about 500
mL/minute. Sample collection was concurrent with hydrocarbon and aldehyde samples.
After sampling, both ends of the cartridge were capped with hexane-rinsed aluminum foil.
The entire cartridge was then wrapped with foil, and kept in an ice chest at 0° C until
transported to the laboratory for analysis.

D. ality Assurance

Quality assurance (QA) activities for Category 2 and 3 sources may be divided into three
categories:

1. Pre-field sampling QA
2. Field sampling QA
3. Analytical QA

Pre-field activities included a complete checkout of all components in the sampling
system. Data on the analysis of gas cylinders to be used was be compiled and stored. Data
forms, sample labels and containers were located and prepared. The Sun NDIR analyzer
was calibrated according to the methods recommended by the manufacturer, Prior to actual
use, the dilution tunnel was set up, and flushed with zero air This purge air was
simultaneously drawn through the hydrocarbon and aldehyde sampling trains and
analyzed., Analysis of these blanks provide confirmation of the absence of background
contamination. Prior to sample collection, all sample lines were thoroughly flushed with
zero air. After each sample was taken, the exhaust transfer line was backflushed, and the
tunnel was dismantled, inspected and cleaned. Adherence to the written protocols found in
Appendix D enhanced the overall reliability and reproducibility of data obtained. Quality
assurance activities pertaining to analyses are described in Appendix E.

E. Analytical Methodologies

A variety of analytical techniques were needed to quantitate the hydrocarbon species present
in the engine exhaust samples. The following section summarizes the analytical
methodologies used by the Project Subcontractor, Environmental Analytical Service, Inc.
(EAS). Details and standard operating procedures for the methods of analysis will be
found in Appendix E.

Methane was analyzed using a molecular sieve SA column, operated isothermally at 50 © C.
Light hydrocarbons were scparated using a ten foot column packed with phenylisocyanate
on 80/100 mesh Durapack. Samples with high hydrocarbon content were analyzed on a 30
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foot column containing 23 % SP-1700 on 80/100 mesh Chromosorb PAW. Heavy
hydrocarbons were analyzed using a 100 meter fused silica capillary column.

Comparison of the light (packed column) and heavy hydrocarbon (capillary column) runs
could be made using a number of peaks in the C2 to C4 range. The heavy stationary phase
loading of the 100 meter capillary column allowed for the separation of the lighter
hydrocarbons. Initially, values for the light hydrocarbons (from C2 on) obtained from the
integrator output of the capillary column run were used for calculations. A review of the
results so obtained indicated some inconsistencies in the light hydrocarbon concentrations
of some samples. When the chromatograms were examined in detail, there was some
ambiguity assigned with ethane, ethylene and acetylene peaks, due to insufficient resolution
of these components for these samples. Values for all engine samples in this report were
re-calculated using concentration information obtained from the packed column light
hydrocarbon runs for ethane, ethylene and acetylene.

The method used for analysis of aldehydes was a modification to EPA method TO5?,
which is functionally similar to CARB method 11010 The sampling method was based on
the reaction of DNPH in acidified acetonitrile with aldehydes and ketones to form stable
hydrazone derivatives. For analysis, an aliquot of the impinger contents was injected onto
a Supelcosil LC18 reverse phase column. The system was run isocratically, using a mobile
phase consisting of 70 % acetonitrile and 30 % water. The aldehyde derivatives were
detected by a UV-Visible detector operating at 360 nm, and quantitated on an HP 3393A
computing integrator. Details of the analyses may be found in Appendix E.

Since the carbon number limitation for the SUMMA canisters is C10 or C11, an additional
sampling train was used to retain higher molecular weight hydrocarbons in the C10 to C20
range. A glass cartridge, filled with XAD-2 resin was used for this purpose. The XAD-2
resin is the material recommended by the California Air Resources Board (CARB) for
source sampling of semi-volatile organic compounds. The procedures used for extraction
and analysis of the cartridges are described in CARB Method 429 "Determination of
Polycyclic Aromatic Hydrocarbon Emissions from Stationary Sources".
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XAD CARTRIDGE DESIGN

Figure 19
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F. Engine Sampling

Using the dilution tunnel described previously, 21 engine tests were performed.
Table 4 shows the engines tested and the corresponding analytical samples taken. Volatile
hydrocarbon and aldehyde samples were taken for all engines. Hydrocarbon samples were
collected in evacuated, SUMMA polished stainless steel canisters. Aldehydes were
collected in midget impingers, filled with DNPH-acetonitrile, using the methodology
described previously. Semi-volatile hydrocarbons from the last § tests were collected on
XAD-2 cartridges, as outlined earlier. Selected sampling setups are shown in Appendix C.
All sub-systems used for the tests functioned perfectly, and 100% of samples were
successfully obtained.

All engines were tested "as received”, with no special tuning, and were thus typical of "in-
use" condition. Exhaust samples were taken under conditions that classify them as "spot"
samples. Engines were warmed up prior to sampling, then maintained at full throttle or
rated speed for the duration of the test (typically about 20 minutes). Utility engines were
fueled immediately prior to sampling, to ensure sufficient fuel to complete the test without
interruption. Mixtures for 2 stroke engines were blended immediately before fueling the
engines. Manufacturer recommendations were followed for fuel mixtures. Two stroke
engines corresponding to samples ET-1, 3 and 4 used a 25:1, while ET-9 used a 32:1 ratio.
Fuel (EXXON unleaded gasoline, temp 80, grav. 58.0, octane 87; ARCO diesel fuel,
DSL-LS) for all engines was from the Cal Poly motor pool.
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G. Format for Results

The engine exhaust samples contained aldehydes and ketones, in addition to saturated,
unsaturated and aromatic hydrocarbons. In order to express exhaust composition on a
percentage basis, an estimate of the "total hydrocarbon content” must be made. Previous
investigators have ignored the (usually smail) contribution of aldehydes to the total
hydrocarbon content determined by GC-FID. Formaldehyde, usually the largest
component of the exhaust aldehydes, gives essentially no response to the FID.
Consequently, using the total FID area plus methane as the total hydrocarbon value
underestimates the true total. We have elected to include all aldehyde values in the total,
Although this may siightly.overestimate the total hydrocarbon content of the samples, it
should be closer to the true value than if all aldehydes were neglected. A consequence of
this assignment is that all percentages will sum to exactly 100 %.

As with the oil field samples, GC-MS runs were obtained for all exhaust samples,
primarily to aid in compound identification. The total ion chromatograms from these runs
revealed between 20 and 90 integratable peaks - significantly fewer than the FID runs, but
covering a higher range of boiling points. The mass spectra from these peaks were
searched against the NBS Revision E Library, using search software provided by Hewlett
Packard for use with the mass selective detector. In a few instances, compounds not seen
in the FID run were identified by the mass spectra. Naphthalene is an example of such an
occurrence. These GC-MS compounds were quantitated, and added into the "total
hydrocarbon” count.

Analysis of extracts from the XAD-2 resin samples showed no compounds present above
the detection limit of about 2 micrograms per sample.

H. Results

1. Aldehyde Analysis Results

Results for aldehyde analyses of impinger contents have been incorporated into the overall
hydrocarbon analyses. In some of the aldehyde samples, chromatographic peaks were
obtained at retention times that did not correspond to known carbonyl compounds. For
these peaks, a carbon number was assigned, based on the relative retention time of known
aldehydes. As the carbon number increases, the number of possible aldehyde and ketone
isomers rises dramatically. The chromatography should correctly identify the carbon
number of the DNPH-derivative, but not necessarily indicate the correct isomer in all cases.

Hydrocarbon speciation information is arranged by test number, as shown in Tables 5 - 25
As with the oil field samples, these data also were organized into a LOTUS 1-2-3 database.
The format of the database is actually the transpose of the results shown in the Results
Tables. Compound names are column headings (fields), and sample numbers are rows
(records). A copy of the database, named ET_SUMRY.WXK1, was copied to a 3.5 inch
floppy disk, and sent to ARB along with this report.
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Table 5 - ET-01 Snapper lawnmower (2 stroke 3 hp)

Compound % by mass
Methane 1.4829
Ethylene 0.1807
Ethane 0.0875
Acetylene 0.4540
Propene 1.1280
Propane 0.1585
Methylacetylene 0.0000
i-Butane 0.3654
methanol 0.0000
i-butylene 0.5364
1-butene 0.6358
1,3-Butadiene 0.0000
n-Butane 0.1441
trans-2-butene 0.0000
2,2-dimethylpropane 0.0000
cis-2-butene 0.0000
ethanol 0.0000
i-Pentane 4.5419
1-pentene 0.3563
n-Pentane 2.1211
trans-2-pentene 0.8005
cis-2-pentene 1.1799
2,2-Dimethylbutane 1.9795
Cyclopentane 0.8413
2,3-Dimethylbutane 0.0000
2-Methylpentane 3.4758
3-Methylpentane 2.2253
n-Hexane 1.9756
Methylcyclopentane 2.4578
2,4-Dimethylpentane 0.5887
Benzene 4.6134
Cyclohexane 0.0000
2-Methylhexane 1.9790
2,3-Dimethylpentane 0.7093
3.Methylhexane 2.0083
2,2,4-trimethylpentane  0.5988
n-Heptane 1.5458
Methyicyclohexane 0.3333
2,4-Dimethylhexane 0.5638
2,3,4-Trimethylpentane (0.8519
Toluene 15.3360
2,3-Dimethylhexane 0.3799
2-Methylheptane 1.0896
3-Ethylhexane 1.0560
n-Octane 0.8711
Ethylbenzene 3.4988
m-Xylene 9.3262
p-Xylene 0.0000
Styrene 0.8656
0-Xylene 3.7281
n-Nonane 0.5244
i-Propylbenzene 0.0000
n-Propylbenzene 0.4799
3-Ethyltoluene 0.0000
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Compound % by mass
1,3,5-Trimethylbenzene 0.6379
2-Ethyltoluene 0.4570
t-butylbenzene 0.0000
1,2,4-Trimethylbenzene 0.7679
i-butylbenzene 0.0000
s-butylbenzene 0.0000
n-Decane 0.0000
1,2,3-Trimethylbenzene 0.0000
indane 0.0000
1,3-Diethylbenzene 0.0000
1,4-Diethylbenzene 0.0000
n-butylbenzene 0.0000
1,2-Diethylbenzene 0.0000
1,4-dimethyl-2-ethylbenzene  0.0000
1,3-dimethyl-4-ethylbenzene 0.0000
1,2-dimethyl-4-ethylbenzene 0.0000
1,3-dimethyl-2-ethylbenzene 0.0000
n-undecane 0.0000
1,2,3,5-tetramethylbenzene  0.0000
1,2,4,5-tetramethylbenzene  0.0000
OTHER COMPOUNDS
2-propenylbenzene 0.0000
1,2-dichlorobenzene 0.0000
2-methylstyrene 0.0000
1-ethynyl-4-methylbenzene  0.0000
naphthalene 0.0000
OXYGENATES
formaldehyde 0.0101
acetaldehyde 0.0473
acetone 0.0203
propanal 0.0144

0.0128
butanal 0.0113
2&3-pentanone 0.0040
cyclohexanone 0.0026
pentanal : 0.0050
4-methyl-2-pentanone 0.0036
2-methyl-3-pentanone 0.0031
hexanal 0.0227
benzaldehyde 0.0165
C4 ketone 0.0107
C6 ketone 0.0000
tolualdehyde ? 0.0000
Other C2 3.8019
Other C3 0.0000
Other C4 1.1372
Other C5 2.0035
Other C6 5.7967
Other C7 4.0329
Other C8 1.3153
Other C9 1.7893
Other C10 0.0000
Other C11 0.0000



Table 6 - ET-02 Snapper lawnmower (S hp)

Compound .

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane

2,2,4-trimethytpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

2,3,4-Trimethylpentane

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethyihexane -

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o0-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

% by mass *

4.7186
9.4642
1.2474
6.6440
3.4685

0.2225

0.3772
0.3670
0.2204
0.1351
8.6677
0.0000
0.1802
0.0000

0.2099
1.6234
4.8396
0.0000
0.0000
2.1508

0.9923
0.0000
0.0000
0.0000
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyi-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methyistyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acctaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other CS
Other Co
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.8499
0.7615
0.0000
3.2903
0.0000
0.0000

1.1394
0.0000
0.6161
0.0000
0.4103
0.2292
0.0000
0.3414
0.2887
0.0000
0.0000

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000



Table 7 - ET-03 Sears chainsaw (2 stroke, 2 hp)

Compound % by mass

Methane 19102
Ethylene 1.8361
Ethane 0.2799
Acetylene 4.8002
Propene 0.8464
Propane 0.4790
Methylacetylene 0.2769
i-Butane 0.3600
methanol 0.0000
i-butylene 0.4264
1-butene 0.2842
1,3-Butadiene 0.3231
n-Butane 1.6835
trans-2-butene 0.2479
2,2-dimethyipropane 0.0000
cis-2-butene 0.2341
ethanol 0.0000
i-Pentane 5.8151
1-pentene 0.4107
n-Pentane 2.0972
trans-2-pentene 0.1375
cis-2-pentene 0.4504
2,2-Dimethylbutane 0.6627
Cyclopentane 0.8427
2,3-Dimethylbutane 0.1418
2-Methylpentane 2.8304
3-Methylpentane 1.8057
n-Hexane 1.5411
Methylcyclopentane 2.2243
2,4-Dimethylpentane 0.6294
Benzene 3.5433
Cyclohexane 0.0778
2-Methylhexane 1.5310
2,3-Dimethylpentane 0.7643
3-Methylhexane 15171
2,2,4-trimethylpentane  0.4997
n-Heptane 0.0500
Methylcyclohexane 0.2987
2,4-Dimethylhexane 0.5378
2,3,4-Trimethylpentane  0.9689
Toluene 8.6891
2,3-Dimethylhexane 0.3368
2-Methylheptane 0.0000
3-Ethylhexane 0.7583
n-Octane 0.6083
Ethylbenzene 1.9852
m-Xylene 5.4906
p-Xylene 1.7884
Styrene 0.0000
0-Xylene 2.6508
n-Nonane 0.5833
i-Propylbenzene 0.1221
n-Propylbenzene 0.5649
3-Ethyltoluene 2.0581
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaidehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3

. Other C4

Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.9404
0.8317
0.0000
2.4570
0.0000
0.0000

0.4821
0.0905
0.1661
0.0000
0.0000
0.1160
0.0000
0.1037
0.0701
0.0915
0.0771

0.0757
0.0000
0.0000

0.0000
0.0000
0.0000

0.0000
0.0000

0.1564
0.0770
0.2235
0.0170
0.0365
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

0.8142
0.0000
0.9896
3.5862
6.0058
6.3410
3.4403

1.7633
0.0000



Table 8 - ET-04 Snapper trimmer (2 stroke, 2 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethyipentane
Benzene
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane

2,2 4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

% by mass

3.7875
1.2119
0.2587
1.3383
2.1288

0.1828
0.1565
0.2886
0.0000
0.6252
0.4957
0.4073

11256
0.2531
0.0000
0.2859
0.0698
5.5386
0.3667

L9171
0.6899
0.9339
0.1508
0.8071
0.1030
3.2084
2.0314

1.5095
2.4509
0.5815
3.8729
0.0873
1.7533
0.6815
1.7478
1.9523

1.0934
0.3363
0.6127

2,3,4-Trimethylpentane 0.9277

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
0-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

10.5065
0.3438
0.8318
0.8321

0.6079
1.7740
6.3193
1.9941
0.3001
2.8678

0.4612
0.1377
0.5441
1.8878

36

Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethyibenzene

n-undecane .
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOQUNDS

2-propenyibenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.8536
0.6916
0.0000
1.6593
0.0491
0.0652

0.2745
0.2315
0.0000
0.0000
0.0000
0.0460
0.0000
0.0559
0.0600
0.0557 -
0.0000

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000

0.0101
0.0279
0.0184
0.0069
0.0129
0.0000
0.0000
0.0006
0.0003
0.0255
0.0009
0.0123
0.0111
0.0111
0.0000
0.0000

0.4122
0.0000
1.0184
2.6397
5.4865
5.0325
3.3566
1.9003
0.6552
0.0000



Table 9 - ET-05 Sears lawnmower (3 hp)

Compound % by mass

Methane 2.2788
Ethylene 8.2577
Ethane 0.4964
Acetylene 17.7112
Propene 3.3263
Propane 0.5560
Methylacetylene 1.2840
i-Butane 0.2207
methanol 0.1379
i-butylene 1.6062
1-butene 0.9238
1,3-Butadiene 1.5316
n-Butane 0.7251
trans-2-butene 0.2102
2,2-dimethylpropane 0.0000
cis-2-butene 0.1576
ethanol 0.0525
i-Pentane 1.4929
1-pentene 0.0000
n-Pentane 1.1221
trans-2-pentene 0.2197
Cis-2-pentene 0.2496
2,2-Dimethylbutane 0.1248
Cyclopentane 0.0000
2,3-Dimethylbutane 0.1741
2-Methylpentane 0.7980
3-Methylpentane 0.5195
n-Hexane 0.8581
Methylcyclopentane 0.5773
2,4-Dimethylpentane 0.1051
Benzene 5.2688
Cyclohexane 0.0000
2-Methylhexane 0.1576
2,3-Dimethylpentane 0.0000
3-Methylhexane 0.4407
2,2,4-trimethylpentane  0.3714
n-Heptane 0.4880
Methylcyclohexane 0.2844
2,4-Dimethylhexane 0.1379
2,3,4-Trimethylpentane 0.1901
Toluene 5.8380
2,3-Dimethylhexane 0.0000
2-Methylheptane 0.3018
3-Ethylhexane 0.0000
n-Octane 0.3668
Ethylbenzene 1.5775
m-Xylene 4.3566
p-Xylene 0.0000
Styrene 0.5080
o-Xylene 1.9600
n-Nonane - 10643
i-Propylbenzene 0.0000
n-Propylbenzene 0.4554
3-Ethyltoluene 1.7925

37

Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethyibenzene
1,2,4,5-tetramethyibenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde
acetone

propanal
MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.8109
0.6858
0.0000
2.8694
0.0000
0.0000

0.0000
0.5780
0.0000
0.2122
0.1966
0.0000
0.0000
0.3271
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000

3.1622
0.1441
0.1129
0.0289
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1009
0.0867
0.0153
0.0000
0.0000
0.0000

6.2977
1.0985
1.4591
2.3224
1.3087
0.6535

22791
3.0117
0.0000



Table 10 - ET-06 Mc Lane edger (2 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane

2,2, 4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

% by mass

4.4945
10.9160
1.3248
5.9945
6.2566

0.4583
1.9371
0.1051
0.1289
1.2888
1.5741
2.8171

0.2996
0.2364
0.0000
0.0000
0.0360
1.3060
0.1156

0.2602
0.6194
0.1531
0.1265
0.0000
0.2196
0.8299
0.1657

0.3132
0.5683
0.1093
3.9106
0.0415
0.3366
0.1262
0.3374
0.1900

0.0400
0.1307
0.1154

2,3,4-Trimethylpentane 0.1935

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

3.9900
0.0624
0.1574
0.1432

0.1980
1.0179
2.9010
0.0000
0.0000
0.9594

0.0558
0.0812
0.1758
0.9787
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-cthylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2.propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal :
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.4376
0.4089
0.0000
1.4655
0.0000
0.0000

0.0571
0.2869
0.6563
0.0000
0.1956
0.1175
0.3604
0.0000
0.0000
0.1833
0.0000

0.0000
0.0728
0.0000

0.0000

0.0000
0.0000
0.0000

0.0000

0.5840
0.2392
0.2314
0.0356
0.0454

© 0.0197

0.0142
0.0143
0.0951
0.0366
0.2936
0.0527
0.0928
0.0000
0.0000

19.5884
0.4100
1.9738
3.4178
3.1802
1.5787
1.1173
0.9257
0.9622
2.0518



Table 11 - ET-08 Husqvarna chainsaw (10 hp) Compound ' % by mass

Compound % by mass 1,3,5-Trimethylbenzene 1.1240
: 2-Ethyltoluene 1.0125
Methane 9.1070 t-butylbenzene 0.0000
Ethylene 2.6137 1,2,4-Trimethylbenzene 3.4335
Ethane 0.2586 i-butylbenzene 0.0854
Acetylene 2.8315 s-butylbenzene 0.1037
Propene 0.6513
n-Decane 0.2819
Propane 0.6787 1,2,3-Trimethylbenzene 0.7524
Methylacetylene 0.2062 indane 0.2080
i-Butane 0.1054 1,3-Diethylbenzene 0.0000
methanol 0.0827 1,4-Diethylbenzene 0.6818
i-butylene 0.0767 n-butylbenzene 0.0000
1-butene 1.0669 1,2-Diethylbenzene 0.8143
1,3-Butadiene 0.4649 1,4-dimethyl-2-ethylbenzene 0.0000
1,3-dimethyl-4-cthylbenzene 0.0000
n-Butane - 04527 1,2-dimethyl-4-ethylbenzene 0.3934
trans-2-butene 0.1791 1,3-dimethyl-2-ethylbenzene  0.0000
2,2-dimethylpropane 0.0000 .
cis-2-butene 0.1346 n-undecane 0.0000
ethanol 0.0230 1,2,3,5-tetramethylbenzene  0.0000
i-Pentane 3.7059 1,2,4,5-tetramethylbenzene  0.0000
1-pentene 0.2868
OTHER COMPOUNDS
n-Pentane 1.2417
trans-2-pentene 0.2246 2-propenylbenzene 0.0000
cis-2-pentene 0.2545 1,2-dichlorobenzene 0.0000
2,2-Dimethylbutane 0.1650 2-methylstyrene 0.0000
Cyclopentane 0.2488 1-ethynyl-4-methylbenzene  0.0000
2,3-Dimethylbutane 0.6363 naphthalene 0.0000
2-Methylpentane 2.3272
3-Methylpentane 1.4945 OXYGENATES 0.0000
n-Hexane 0.9316 formaldehyde 0.5983
Methylcyclopentane 1.8561 acetaldehyde 0.2762
2,4-Dimethylpentane 0.6006 acetone 0.5461
Benzene 3.3129 propanal 0.0623
Cyclohexane 0.2510 MEK 0.1428
2-Methylhexane 1.3255 butanal 0.0000
2,3-Dimethylpentane 0.5655 2&3-pentanone . 0.0000
3-Methylhexane 1.2692 cyclohexanone 0.0000
2,2,4-trimethylpentane  2.2062 : pentanal 0.0000
: 4-methyl-2-pentanone 0.1436
n-Heptane 0.8183 2-methyl-3-pentanone 0.0812
Methyicyclohexane 0.8004 hexanal 0.0000
2,4-Dimethylhexane 0.5749 benzaldehyde 0.0526
2,3,4-Trimethylpentane  1.0508 C4 ketone 0.0855
Toluene 8.4391 C6 ketone 0.0000
2,3-Dimethythexane 0.3056 tolualdehyde ? . ©0.0000
2-Methylheptane 0.6016
3-Ethythexane 0.8207 Other C2 1.2841
Other C3 0.0486
n-Octane 0.3928 Other C4 1.2908
Ethylbenzene 2.078% Other C5 2.2720
m-Xylene 0.0054 Other C6 4.9000
p-Xylene 1.8180 Other C7 2.8654
Styrene 0.0000 Other C8 2.6308
o-Xylene 5.3845 Other C9 2.1370
Other C10 2.8891
n-Nonane 0.3672 Other C11 0.0646
i-Propylbenzene 0.3648
n-Propylbenzene 0.6014
3-Ethyltoluene 2.4765

39



Table 12 - ET-09 Toro blower (2 stroke, 1.5 hp)

Compound % by mass
Methane 0.7285
Ethylene 0.6301
Ethane 0.0775
Acetylene 1.1660
Propene 0.2525
Propane 0.8035
Methylacetylene 0.0255
i-Butane 0.3185
methanol 0.3065
i-butylene 0.2787
1-butene 0.5064
1,3-Butadiene 0.1357
n-Butane 0.6031
trans-2-butene 0.0000
2,2-dimethylpropane 0.0000
cis-2-butene 0.0000
ethanol 0.0357
i-Pentane 3.3483
1-pentene 0.1658
n-Pentane 1.2154
trans-2-pentene 0.0459
cis-2-pentene 0.1262
2,2-Dimethylbutane 0.9930
Cyclopentane 0.2537
2,3-Dimethylbutane 0.6661
2-Methylpentane 2.5062
3-Methylpentane 1.6295
n-Hexane 1.1180
Methylcyclopentane 2.1803
2,4-Dimethylpentane 0.6171
Benzene 2.4998
Cyclohexane 0.0281
2-Methylhexane 1.6157
2,3-Dimethylpentane 0.7054
3-Methylhexane 1.6310
2,2,4-trimethylpentane  0.5636
n-Heptane 0.9764
Methylcyclohexane 0.2989
2,4-Dimethylhexane 0.7347
2,3,4-Trimethylpentane 1.3118
Toluene 9.7274
2,3-Dimethylhexane 0.2303
2-Methylheptane 0.7877
3-Ethylhexane 0.7916
n-Octane 0.6276
Ethylbenzene 2.6420
m-Xylene 7.6398
p-Xylene 2.5181
Styrene 0.0000
0-Xylene 3.6511
n-Nonane 0.4725
i-Propylbenzene 0.1737
n-Propylbenzene 1.0113
3-Ethyltoluene 3.9106

40

Compound % by mass
1,3,5-Trimethylbenzene 1.7942
2-Ethyltoluene 1.6007
t-butylbenzene 0.0000
1,2,4-Trimethylbenzene 5.4364
i-butylbenzene 0.0635
s-butylbenzene 0.1723
n-Decane 0.6176
1,2,3-Trimethylbenzene 0.1573
indane 0.1518
1,3-Diethylbenzene 0.0000
1,4-Diethylbenzene 0.7656
n-butylbenzene 0.7840
1,2-Diethylbenzene 0.0000
1,4-dimethyl-2-ethylbenzene 0.3487
1,3-dimethyl-4-ethylbenzene 0.2032
1,2-dimethyl-4-ethylbenzene 0.2957
1,3-dimethyl-2-ethylbenzene 0.2120
n-undecane 0.0000
1,2,3,5-tetramethylbenzene  0.0000
1,2,4,5-tetramethylbenzene  0.0000
OTHER COMPOUNDS
2-propenylbenzene 0.0000
1,2-dichlorobenzene 0.0000
2-methylstyrene 0.0000
1-ethynyl-4-methylbenzene  0.0000
naphthalene 0.0000
OXYGENATES 0.0000
formaldehyde 0.1093
acetaldehyde 0.0563
acetone 0.0429
propanal 0.0228
MEK 0.0171
butanal 0.0147
2&3-pentanone 0.0016
cyclohexanone 0.0108
pentanal 0.0008
4-methyl-2-pentanone 0.0053
2-methyl-3-pentanone 0.0070
hexanal 0.0358
benzaldehyde 0.0186
C4 ketone 0.0145
C6 ketone 0.0000
tolualdehyde ? 0.0000
Other C2 1.5127
Other C3 0.0000
Other C4 0.2461
Other C5 1.3332
Other C6 6.3222
Other C7 3.6928
Other C8 2.6065
Other C9 3.0305
Other C10 3.0127
Other C11 0.0000



Table 13 - ET-10 Swirl Magic lawnmower (3 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methyipentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane

% by mass

12.3172
7.4521
0.9531
7.0708
3.4981

0.2706
0.6787
0.2626
0.1086
1.4839
0.8090
1.3788

0.9386
0.3857
0.0000
0.3070
0.0000
3.6077
0.2905

1.2466
0.5940
0.2472
0.1606
0.3988
0.0460
1.6579
1.0483

0.8096
1.2432
0.2691
4.8613
0.0345
0.7433
(.2946
0.7294

2.2, 4-trimethylpentane  0.6709

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

0.5411
0.4471
0.2116

2,3,4-Trimethylpentane 0.2854

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethyibenzene
m-Xylene
p-Xylene
Styrene
0-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

7.7897
0.1180
0.3292
0.3205

0.2720
1.7420
4.4973
1.4996
0.0000
2.0792

0.1565
0.0762
0.3392
1.6844

41

Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyi-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.7360
0.6275
0.0000
2.0418
0.0339
0.0437

0.1156
0.2962
0.1484
0.0000
0.1379
0.0533
0.0000
0.0000
0.0628
0.0000
0.0606

0.0000
0.0000
0.0000

0.0000
0.0000
0.6583
0.0081
0.7971

0.8210
0.1750
0.1685
0.0385
0.0461
0.0154
0.0000
0.0139
0.0000
0.0721
0.0207
0.0231
0.0000
0.0293
0.1289
0.0000

1.3656
0.1069
1.2393
2.8349
2.5428
1.6126
1.7489
1.3687
0.5496
0.0000



Table 14 - ET-11 Swirl Magic lawnmower ( 3 hp)

Compound 9% by mass
Methane 8.4401
Ethylene 7.3841
Ethane 0.9230
Acetylene 9.4804
Propene 3.7195
Propane 0.1459
Methylacetylene 0.4185
i-Butane 0.2562
methanol 0.0809
i-butylene 1.3373
1-butene 0.7917
1,3-Butadiene 1.2842
n-Butane 0.8983
trans-2-butene 0.3641
. 2,2-dimethylpropane 0.0000
cis-2-butene 0.2881
ethanol 0.0534
i-Pentane 3.4600
1-pentene 0.2781
n-Pentane 1.1572
trans-2-pentene 0.5304
cis-2-pentene . 0.2357
2,2-Dimethylbutane 0.6045
Cyclopentane 0.1985
2,3-Dimethylbutane 0.3842
2-Methylpentane 1.5791
3-Methylpentane 0.6810
n-Hexane 0.74380
Methylcyclopentane 1.1765
2,4-Dimethylpentane 0.2616
Benzene 4.1764
Cyclohexane 0.0337
2-Methylhexane 0.7122
2,3-Dimethylpentane 0.2901
3-Methylhexane 0.6973
2,2,4-trimethylpentane  0.6621
n-Heptane 0.0412
Methylcyclohexane 0.4283
2,4-Dimethylhexane 0.2046
2,3,4-Trimethylpentane 0.2839
Toluene 6.7268
2,3-Dimethylhexane 0.1063
2-Methylheptane (.3130
3-Ethylhexane 0.3066
n-Octane 0.2526
Ethylbenzene 1.5863
m-Xylene 4.0986
p-Xylene 1.3619
Styrene 0.5943
0-Xylene 1.9286
n-Nonane 0.1366
i-Propylbenzene 0.0750
n-Propylbenzene 0.3598
3-Ethyltoluene 1.8133
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyi-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methyibenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.8014
0.8961
0.0000
2.9129
0.0444
0.0553

0.1350
0.5743
0.5651
0.0000
0.4122
0.6659
0.0000
0.3438
0.3455
0.4309
0.1788

0.0943
0.0000
0.1817

0.0000
0.0000
0.0000
0.0000
0.0000

0.6614
0.1408
0.1436
0.0283
0.0368
0.0102
0.0000
0.0114
0.0000
0.0666
0.0154
0.0201

0.0269
0.1137
0.0000

29143
0.0906
1.2379
2.3149
2.6658
2.1598
1.1480
1.6944
1.3004
0.2114



Table 15 - ET-12 Mont. Ward rototiller (5 hp) Compound % by mass

Compound % by mass 1,3,5-Trimethylbenzene 0.7085
2-Ethyltoluene 0.0000
Methane 5.5878 t-butylbenzene 0.0000
Ethylene 6.9063 1,2,4-Trimethylbenzene 2.9890
Ethane 0.7534 i-butylbenzene - 0.0575
Acetylene 6.9691 s-butylbenzene 0.0673
Propene 4.5852
n-Decane 0.4889
Propane 0.4843 1,2,3-Trimethylbenzene 0.2229
Methylacetylene 1.3308 indane 0.6524
i-Butane 0.7248 1,3-Diethylbenzene 0.0000
methanol 0.4401 1,4-Diethylbenzene 0.0000
i-butylene 1.0526 : n-butylbenzene 0.2727
1-butene 0.3757 1,2-Diethylbenzene 0.0000
1,3-Butadiene 1.3815 1,4-dimethyl-2-ethylbenzene 0.4389
1,3-dimethyl-4-ethylbenzene 0.3327
n-Butane 0.6964 1,2-dimethyi-4-ethylbenzene 0.5490
trans-2-butene 0.2220 1,3-dimethyl-2-ethylbenzene (.2449
2,2-dimethylpropane 0.0000
cis-2-butene 0.1304 n-undecane 0.8859
ethanol 0.0000 1,2,3,5-tetramethylbenzene  0.2559
i-Pentane 1.1976 1,2,4,5-tetramethylbenzene  0.3613
1-pentene 0.1442
OTHER COMPOUNDS
n-Pentane 0.7758
trans-2-pentene 0.1966 2-propenylbenzene 0.0000
cis-2-pentene 0.1082 1,2-dichlorobenzene . 0.0000
2,2-Dimethylbutane 0.0000 2-methylstyrene 0.0000
Cyclopentane 0.0000 1-ethynyl-4-methylbenzene  0.0000
2,3-Dimethylbutane 0.2370 naphthalene 0.0000
2-Methylpentane 1.0321
3-Methylpentane 0.7949 OXYGENATES
n-Hexane 1.0429 formaldehyde 24286
Methylcyclopentane 0.7623 acetaldehyde 0.4343
2,4-Dimethylpentane 0.1696 acetone 0.7140
Benzene 4.4417 propanal 0.0689
Cyclohexane 0.0000 MEK 0.1633
2-Methylhexane 0.4289 butanal 0.0000
2,3-Dimethylpentane 0.2170 2&3-pentanone 0.0000
3-Methylhexane 0.5417 cyclohexanone 0.1347
2,2,4-trimethylpentane  0.4279 pentanal 0.0000
4-methyl-2-pentanone 0.2177
n-Heptane 0.5874 2-methyl-3-pentanone 0.1831
Methylcyclohexane 0.5278 hexanal 0.0941
2,4-Dimethyihexane 0.1494 benzaldehyde 0.1216
2,3,4-Trimethylpentane  0.0000 C4 ketone 0.0000
Toluene 4.8772 Cb ketone 0.2048
2,3-Dimethylhexane 0.0000 . : tolualdehyde ? 0.0000
2-Methylheptane 0.0000
3-Ethylhexane 0.2673 Other C2 3.0970
Other C3 1.3861
n-Octane 0.2822 Other C4 1.8784
Ethylbenzene 0.9473 Other C5 1.3339
m-Xylene 0.0000 Other C6 0.9879
p-Xylene 4.0469 Other C7 0.8229
Styrene 0.0000 Other C8 2.3345
o-Xylene 1.4039 Other C9 6.1398
Other C10 7.6501
n-Nonane 0.3275 Other C11 1.4851
i-Propylbenzene 0.0541
n-Propylbenzene 0.3281
3-Ethyltoluene 1.5833
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Table 16 - ET-13 Lawn Chief riding mower (12 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methyicyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane

2,2,4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

% by mass

12.5642
8.7389
0.6925

10.8164
4.2313

0.1633
1.0183
0.1346

1.6376
0.5690
0.2138

0.6633
0.2784
0.0000
0.2220

2.0353
0.1914

1.1256
0.0000
0.0000
0.0000
0.0000
0.0000
1.0711
0.6755

0.8856
0.7537
0.4340
7.2653
0.0000
0.5151
0.6459
0.5654
0.8373

0.4568
0.2591
0.2132

2,3,4-Trimethylpentane 0.3486

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

10.1138
0.1417
0.2574
0.2461

0.2206
1.7216
0.0000
5.5018
0.0000
2.4997

0.1623
0.0000
0.3450
1.8374

44

Compound % by mass
1,3,5-Trimethylbenzene 0.8128
2-Ethyltoluene 0.6814
t-butylbenzene 0.0000
1,2,4-Trimethylbenzene 2.9008
i-butylbenzene 0.0000
s-butylbenzene 0.0000
n-Decane 0.0000
1,2,3-Trimethylbenzene 0.5050
indane 0.0000
1,3-Diethylbenzene 0.0000
1,4-Diethylbenzene 0.0000
n-butylbenzene 0.3729
1,2-Diethylbenzene 0.0000
1,4-dimethyl-2-ethylbenzene 0.1598
1,3-dimethyl-4-cthylbenzene 0.1399
1,2-dimethyl-4-ethylbenzene 0.1629
1,3-dimethyl-2-ethylbenzene 0.0000
n-undecane 0.0000
1,2,3,5-tetramethylbenzene  0.0000
1,2,4,5-tetramethylbenzene  0.0000
OTHER COMPOUNDS
2-propenylbenzene 0.0000
_1,2-dichlorobenzene 0.0000
2-methylstyrene 0.9529
l-ethynyl-4-methylbenzene  1.0524
naphthalene 0.0000
OXYGENATES
formaldehyde 0.7189
acetaldehyde 0.2210
acetone 0.3306
propanal 0.0285
MEK 0.0828
butanal 0.0000
2&3-pentanone 0.0000
cyclohexanone 0.0000
pentanal 0.0000
4-methyl-2-pentanone 0.2641
2-methyl-3-pentanone 0.0814
hexanal 0.0426
benzaldehyde 0.0788
C4 ketone 0.0321
C6 ketone 0.1638
tolualdehyde ? 0.0000
Other C2 0.2981
Other C3 0.7260
Other C4 0.2076
Other C5 1.5304
Other C6 0.7654
Other C7 0.2776
Other C8 0.8728
Other C9 1.4583
Other C10 0.5220
Other C11 0.0000



Table 17 - ET-15 Sears rototiller (gas, 8 hp) Compound % by mass

Compound 90 by mass 1,3,5-Trimethylbenzene 0.8978
2-Ethyltoluene 0.8771
Methane 2.2885 t-butylbenzene 0.0000
Ethylene 9.8711 1,2,4-Trimethylbenzene 4.5399
Ethane 1.5867 i-butylbenzene 0.0000
Acetylene 7.4453 s-butylbenzene 0.0000
Propene 2.3996
n-Decane 0.0000
Propane 0.3018 1,2,3-Trimethylbenzene 1.1097
Methylacetylene 0.5994 indane 0.0000
i-Butane 0.1200 1,3-Diethylbenzene 0.0000
methanol 0.2555 1,4-Diethylbenzene 0.0000
i-butylene 0.6069 n-butylbenzene 1.8419
1-butene 0.4216 1,2-Diethylbenzene 0.0000
1,3-Butadiene 0.8714 1,4-dimethyl-2-ethylbenzene 0.8678
1,3-dimethyl-4-cthylbenzene 0.6974
n-Butane 0.6088 1,2-dimethyl-4-ethylbenzene 1.1712
trans-2-butene 0.1409 1,3-dimethyl-2-ethylbenzene 0.4537
2,2-dimethylpropane  0.0000
cis-2-butene 0.1051 n-undecane 1.0216
ethanol 0.0000 1,2,3,5-tetramethylbenzene  0.5683
i-Pentane 1.6989 1,2,4,5-tetramethylbenzene 0.9704
1-pentene 0.2440
ethanol OTHER COMPOUNDS
n-Pentane 0.2656
trans-2-pentene 0.2530 2-propenylbenzene 0.0000
cis-2-pentene 0.1062 i 1,2-dichlorobenzene 0.0000
2,2-Dimethylbutane  0.0000 2-methyistyrene 0.0000
Cyclopentane 0.0000 1-ethynyl-4-methylbenzene  0.0000
2,3-Dimethylbutane  0.1874 naphthalene 0.0000
2-Methylpentane 0.7759
3-Methylpentane 0.5076 OXYGENATES
n-Hexane 1.5278 ‘ formaldehyde 1.5810
Methylcyclopentane  0.6230 acetaldehyde 1.0038
2,4-Dimethylpentane  0.1280 acetone 0.8273
Benzene 5.2782 propanal 1.1289
Cyclohexane 0.0000 MEK 0.0000
2-Methylhexane 0.3359 butanal 0.0000
2,3-Dimethylpentane  0.1518 2&3-pentanone 0.0000
3-Methylhexane 0.3757 cyclohexanone 0.0000
2.2, 4-trimethylpentane 0.1546 pentanal 0.0000
4-methyl-2-pentanone 0.0000
n-Heptane 0.3185 2-methyl-3-pentanone 0.0000
Methylcyclohexane 0.2436 hexanal 0.5588
2,4-Dimethylhexane  0.1079 benzaldehyde 0.4944
2,3,4-Trimethylpentane 0.1533 C4 ketone 0.0000
Toluene 6.1387 C6 ketone 0.0000
2,3-Dimethylhexane  0.0000 tolualdehyde ? 0.0000
2-Methylheptane 0.0000
3-Ethylhexane 0.0000 Other C2 1.6191
Other C3 1.9307
n-Octane 0.1661 Other C4 0.7472
Ethylbenzene 1.2243 Other CS 1.9839
m-Xylene 0.0000 Other C6 0.8010
p-Xylene 5.8142 Other C7 0.4214
Styrene 0.0000 Other C8 1.8993
o-Xylene 1.9150 Other C9 3.6157
Other C10 4.6434
n-Nonane 0.2834 Other C11 2.6582
i-Propylbenzene 0.0000
n-Propylbenzene 0.3627
3-Ethyltoluene 2.1057
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Table 18 - ET-17 Ford diesel tractor (130 hp) Compound % by mass

Compound % by mass 1,3,5-Trimethylbenzene 0.1442

2-Ethyltoluene 0.0000
Methane 0.8140 t-butylbenzene 0.0000
Ethylene 11.7762 1,2,4-Trimethylbenzene 0.0000
.Ethane 0.1899 i-butylbenzene 0.7139
Acetylene 2.3064 s-butylbenzene 0.0000
Propene 3.6814

n-Decane 1.0099
Propane 0.0000 1,2,3-Trimethylbenzene 0.0000
Methylacetylene 0.2861 indane 0.8259
i-Butane 2.5084 1,3-Diethylbenzene 0.0000
methanol 0.0000 1,4-Diethylbenzene 0.0000
i-butylene 0.7552 n-butylbenzene 0.3727
1-butene 1.1784 1,2-Diethylbenzene 0.0000
1,3-Butadiene 0.0000 1,4-dimethyl-2-ethylbenzene 0.5263

1,3-dimethyl-4-ethylbenzene 0.2640
n-Butane 0.0000 1,2-dimethyl-4-ethylbenzene 0.4082
trans-2-butene 0.3517 1,3-dimethyl-2-cthylbenzene 0.3939
2,2-dimethylpropane  0.0000 i
cis-2-butene 0.1310 n-undecane 1.7610
ethanol 0.0000 1,2,3,5-tetramethylbenzene  0.2863
i-Pentane 1.2323 1,2,4,5-tetramethylbenzene  0.3500
1-pentene 0.5115

OTHER COMPOUNDS
n-Pentane 0.2314
trans-2-pentene 0.0000 2-propenylbenzene 0.0000
cis-2-pentene 0.0000 1,2-dichlorobenzene 0.0000
2,2-Dimethyibutane 0.0000 2-methylstyrene 0.0000
Cyclopentane 0.0000 1-ethynyl-4-methylbenzene  0.0000
2,3-Dimethylbutane 0.0000 naphthalene 0.0000
2-Methylpentane 0.9766
3-Methylpentane (0.0000 OXYGENATES 0.0000
n-Hexane © 0.0000 ' formaldehyde 13.8609
Methylcyclopentane 0.4614 acetaldehyde 5.5769
2,4-Dimethylpentane  0.0000 acetone 3.4737
Benzene 1.0546 propanal 1.0996
Cyclohexane 0.1047 MEK 0.6891
2-Methylhexane 0.2441 butanal 0.9395
2,3-Dimethylpentane  0.0000 2&3-pentanone 0.0000
3-Methylhexane 0.6024 cyclohexanone 0.4923
2,2 4-trimethylpentane  0.3083 pentanal 0.4698

4-methyl-2-pentanone 0.0000
n-Heptane 0.0000 2-methyl-3-pentanone 0.0000
Methyicyclohexane 0.0000 hexanal 2.4875
2,4-Dimethylhexane 0.0000 benzaldehyde 0.7770
2,3,4-Trimethylpentane 0.0000 C4 ketone 0.0000
Toluene 0.6061 Cb6 ketone 0.0000
2,3-Dimethylhexane 0.0000 tolualdehyde ? 5.9897
2-Methyiheptane 0.0000
3-Ethylhexane 0.0000 Other C2 1.3744

Other C3 1.4903
n-Octane 0.000G Other C4 3.4210
Ethylbenzene 0.1778 Other C5 3.6225
m-Xylene 0.2918 Other Co 0.9483
p-Xylene 0.0600 Other C7 1.3786
Styrene 0.0877 Other C8 1.2236
o-Xylene 0.1999 Other C9 3.4121

: Other C10 7.1707

n-Nonane 0.2391 Other C11 1.3480
i-Propylbenzene 0.0000
n-Propylbenzene 0.1473
3-Ethyltoluene 0.2418
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Table 19 - ET-18 Ford diesel tractor (130 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethyipropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene

Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
2,2,4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane
2,3,4-Trimethylpentane
Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

% by mass

0.6496

10.7621

0.7990
2.3820
3.3495

0.2630
0.2070
2.3146
0.0000
0.8008
0.9390
0.0000

0.2232
03527
0.0000
0.0000
0.0000
1.2346
0.1432
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Qther C10
Other C11

% by mass

0.2135
0.0000
0.0000
0.9189
0.0000
0.0000

1.0133
0.0000
0.2018
0.0000
0.0000
0.1950
0.0000
0.2929
0.0000
0.2465
0.2623

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

15.0517
5.9778
4.8042
1.1632
1.2011
1.0584
0.0000
0.3633
0.4106
0.0000
0.0000
2.8549
0.9134
1.8030
0.0000
5.4817

2.4273
0.8622
3.2601
4.4539
0.8910
1.8813
1.4151
3.0487
3.6835
0.9809



Table 20 - ET-20 John Deere diesel combine (165 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane

2,2,4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

2,3,4-Trimethylpentane

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

% by mass

2.3511
13.4896
0.2998
2.9565
0.3179

0.5474
0.1651
0.7757
0.0552
0.5290
0.8001
0.0000

0.0569
0.1622
0.0000
0.1184

0.2331
0.5349

0.5482

0.1385
0.0471
0.0599
0.0352
1.2344
0.0178
0.1269
0.1601

0.2842
0.3538
0.7920
0.3141
0.0769
0.4366

0.3740
0.0000
0.1158
0.0647
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.3283
0.3506
0.0527
1.0550
0.1111
0.1511

0.8525
0.3960
0.4719
0.0000
0.3802
0.2536
0.0000
0.0000
0.1748
0.0000
0.1696

0.3263
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

19.0662
7.5917
6.7692
1.3627
1.0367
12972
0.0000
0.0000
0.0000

0.0000
4.1876
1.0349
1.6520
0.0000
4.7754

1.0122
0.1637
0.5919
0.9413
1.0008
1.4656
1.9592
3.7201
3.6434
0.3027



Table 21 - ET-21 Sperry diesel swather (43 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane
2-Methylhexane
Z,3-Dimethylpentane
3-Methylhexane

2,2,4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

2,3,4-Trimethylpentane

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

% by mass

6.0623
17.8231
2.1911
12,7914
6.0011

0.2283
2.0342
0.0890
0.1147
1.7400
0.9315
1.4333

0.2881
0.3346

0.1212

0.1620
0.1255
0.0836
0.0835
5.6894
0.0401
0.1009
0.1053

0.0473
0.8270
1.7539

- 0.0000

0.0000
0.7453

0.0554
0.0000
0.0000
0.0000
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-cthylbenzene
1,3-dimethyl-2-ethylbenzene
0.0000

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.1164
0.0951
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000

0.0000

6.7659
3.3328
6.6774
0.0000
2.2102
0.0000

0.0000
0.0000

0.0000
2.2387
1.4735
0.0000
0.0000
0.0000

0.7262
0.0000
1.2842
0.7189
0.8008
0.2366
0.1194
0.4981

0.0000



Table 22 - ET-23 Case diesel tractor (44 hp)

Compound % by mass -
Methane 0.9658
Ethylene 20.8827
Ethane 0.3960
Acetylene 3.9332
Propene 0.7744
Propane 0.0000
Methylacetylene 0.1703
i~-Butane 0.7207
methanol 0.0000
i-butylene 1.6485
1-butene 0.0000
1,3-Butadiene 0.0164
n-Butane 0.0150
trans-2-butene 0.2216
2,2-dimethyipropane 0.0000
cis-2-butene 0.1659
ethanol 0.0000
i-Pentane 0.0751
1-pentene 0.6797
n-Pentane 0.0279
trans-2-pentene 0.1301
cis-2-pentene 0.0191
2,2-Dimethylbutane 0.0000
Cyclopentane 0.0000
2,3-Dimethylbutane 0.0263
2-Methylpentane 0.0259
3-Methylpentane 0.0223
n-Hexane 0.0230
Methylcyclopentane 0.0285
2,4-Dimethylpentane  0.0000
Benzene 1.4855
Cyclohexane 0.0000
2-Methylhexane 0.0220
2,3-Dimethylpentane  0.0118
3-Methylhexane 0.1963
2,2,4-trimethylpentane  0.3748
n-Heptane 0.0127
Methylcyclohexane 0.0326
2,4-Dimethylhexane 0.0533
2,3,4-Trimethylpentane 0.0000
Toluene 0.8425
2,3-Dimethylhexane 0.0000
2-Methylheptane 0.0000
3-Ethythexane 0.0465
n-Cctane 0.1469
Ethylbenzene 0.1659
m-Xylene 0.3180
p-Xylene 0.1325
Styrene 0.0623
0-Xylene 0.1721
n-Nonane 0.1454
i-Propylbenzene 0.0311
n-Propylbenzene 0.0914
3-Ethyltoluene 0.1346
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Compound %0 by mass
1,3,5-Trimethylbenzene 0.0797
2-Ethyltoluene 0.0000
t-butylbenzene 0.0000
1,2,4-Trimethylbenzene 0.1932
i-butylbenzene 0.0318
s-butylbenzene 0.0447
n-Decane 0.1446
1,2,3-Trimethylbenzene 0.0464
indane 0.0000
1,3-Diethylbenzene 0.0000
1,4-Diethylbenzene 0.0000
n-butylbenzene 0.0203
1,2-Diethylbenzene 0.0000
1,4-dimethyl-2-ethylbenzene 0.0000
1,3-dimethyi-4-ethylbenzene (.0000
1,2-dimethyl-4-ethylbenzene 0.0000
1,3-dimethyl-2-ethylbenzene 0.0000
n-undecane 0.0000
1,2,3,5-tetramethylbenzene  0.0000
1,2,4,5-tetramethylbenzene  0.0000
OTHER COMPOUNDS
2-propenylbenzene 0.0000
1,2-dichlorobenzene 0.0000
2-methylstyrene 0.3801
l-ethynyl-4-methylbenzene  0.0000
naphthalene 0.6822
OXYGENATES
formaldehyde 21.7915
acetaldehyde 8.9527
acetone 6.4993
propanal L7765
MEK 1.0529
butanal 0.0000
2&3-pentanone 0.0000
cyclohexanone 0.0000
pentanal 0.0000
4-methyl-2-pentanone 0.0000
2-methyl-3-pentanone 0.0000
hexanal 3.2319
benzaldehyde 1.3927
C4 ketone 1.8996
C6 ketone 7.1948
tolualdehyde ? 0.0000
Other C2 0.1393
Other C3 0.0000
Other C4 1.5567
Other C5 2.0508
Other C6 1.3212
Other C7 1.3213
Other C8 1.2635
Other C9 1.1966
Other C10 0.2890
Other Cl11 0.0000



Table 23 - ET-25 John Deere diesel tractor (33.4 hp) Compound % by mass

Compound % by mass 1,3,5-Trimethylbenzene 0.1452
2-Ethyltoluene 0.1286
Methane 4.4381 t-butylbenzene 0.0000
Ethylene 15.6962 1,2,4-Trimethylbenzene 0.4504
Ethane 0.1775 i-butylbenzene 0.0000
Acetylene 4.2902 s-butylbenzene 0.0000
Propene 0.6955
n-Decane 0.1274
Propane 0.1451 1,2,3-Trimethylbenzene 0.0391
Methylacetylene 0.1794 indane 0.0000
i-Butane 0.6161 1,3-Diethylbenzene 0.0550
1,4-Diethylbenzene 0.1101
i-butylene 0.9835 n-butylbenzene 0.0000
1-butene 0.0187 1,2-Diethylbenzene 0.0890
1,3-Butadiene 0.0206 1,4-dimethyi-2-ethylbenzene 0.0000
1,3-dimethyi-4-ethylbenzene  0.0000
n-Butane 0.0652 1,2-dimethyl-4-ethylbenzene  0.0000
trans-2-butene 0.0881 1,3-dimethyl-2-ethylbenzene 0.0000
2,2-dimethylpropane  0.0000
cis-2-butene 0.0726 n-undecane 0.0000
1,2,3,5-tetramethylbenzene  0.0000
i-Pentane 0.0501 1,2,4,5-tetramethylbenzene  0.0000
1-pentene 0.2741
OTHER COMPOQUNDS
n-Pentane 0.0860
trans-2-pentene 0.0000 2-propenylbenzene 0.0000
cis-2-pentene 0.0277 1,2-dichlorobenzene 0.0000
2,2-Dimethyibutane 0.0000 2-methyistyrene 0.0000
Cyclopentane 0.0000 1-ethynyl-4-methylbenzene  0.0000
2,3-Dimethylbutane 0.0000 naphthalene 0.0000
2-Methylpentane 0.1229
3-Methyipentane 0.0238 OXYGENATES
n-Hexane 0.0215 formaldehyde 16.1934
Methyicyclopentane 0.0000 acetaldehyde 11.5133
2,4-Dimethylpentane  0.0000 acetone 11.2229
Benzene 1.2672 propanal 1.2555
Cyclohexane 0.0297 MEK 1.9316
2-Methylhexane 0.1650 butanal 8.1996
2,3-Dimethylpentane  0.0000 2&3-pentanone 0.0000
3-Methylhexane 0.1926 cyclohexanone 0.0000
2,2,4-trimethylpentane  0.2100 pentanal 0.0000
4-methyl-2-pentanone 0.0000
n-Heptane 0.0288 2-methyl-3-pentanone 0.0000
Methyicyclohexane 0.0712 hexanal 5.3360
2,4-Dimethylhexane 0.0000 benzaldehyde 0.0000
2,3,4-Trimethylpentane 0.0000 C4 ketone 3.3301
Toluene 0.6480 C6 ketone 0.0000
2,3-Dimethylhexane 0.0000 tolualdehyde ? 4.2414
2-Methylheptane 0.0342
3-Ethylhexane 0.0000 Other C2 0.0884
Other C3 0.0000
n-Octane 0.0457 Other C4 0.4100
Ethylbenzene 0.1159 Other C5 0.6274
m-Xylene 0.3238 Other C6 0.3844
p-Xylene 0.0000 Other C7 0.9044
Styrene 0.0336 Other C8 0.2253
0-Xylene 0.1624 Other C9 0.5853
Other C10 0.5961
n-Nonane (.0533 Other C11 0.0000
i-Propylbenzene 0.0000
n-Propylbenzene 0.0787
3-Ethyltoluene 0.25M
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Table 24 - ET-26 Caterpillar diesel tractor (105 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene

Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
2,2,4-trimethylpentane

n-Heptane
Methyicyclohexane
2,4-Dimethylhexane
2,3,4-Trimethylpentane
Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

% by mass

14.5098
10.1569
0.1403
1.9637
0.8381

0.1360
0.0464
0.7237
0.0671
0.0820
0.1595
0.0000

0.0214
0.0000
0.0000
0.0000
0.0000
0.6018
0.0419

0.0411
0.0304
0.0243
0.2835
0.0000
0.0000
0.0909
0.0562

0.0493
0.0449
0.0000
0.9948
0.0000
0.0298
0.0308
0.2412
0.1487

0.0648
0.1118
0.0332
0.0000
0.6336
(.0000
0.0497
0.0628

0.1820
0.2080
0.4609
0.0000
0.0000
0.2466

0.3077
0.0362
0.1594
0.3243
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

%0 by mass

0.2135
0.2403
0.0000
0.5648
0.0867
0.1194

0.7533
0.1203
0.0000
0.2251
0.2782
0.1718
0.2827
0.1247
0.1691
0.1344
0.2097

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

11.8394
9.3346
12.1517
0.0000
2.1803
2.1021
0.0000
0.0000
0.0000
0.0000
0.0000
6.5379
0.0000
5.3008
0.0000
0.0000

0.4278
0.1190
0.8926
0.9351
0.3810
1.8863
1.4887
2.2931
2.7115
1.2882



Table 25 - ET-27 John Deere diesel tractor (150 hp)

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene

Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
2,2,4-trimethylpentane

n-Heplane
Methylcyclohexane
2,4-Dimethylhexane
2,3,4-Trimethylpentane
Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

% by mass

2.8627
14,3604
0.3206
3.3971
5.1036

0.1650
0.6381
2.0247
0.0000
0.8301
1.2954
0.0483

0.1612
0.0497

1.2773
0.0319
0.1449
0.1048

0.2243
0.3284
0.4226
0.3128
0.2070
0.4198

0.1888
0.0490
0.2117
0.5515
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
1-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylistyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyi-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

% by mass

0.3088
0.2892
0.0000
1.0521
0.0687
0.0908

0.3224
0.3564
0.0000
0.1559
0.3130
0.0000
0.3164
0.0899
0.1302
0.0869
0.2392

0.0000
0.0000

0.0000
€.0000
0.0000
0.0000

13.0769
6.5077
8.4189
1.0921
1.5153
1.3352
0.0000
0.0000
0.0000
0.0000
0.0000
3.4991
0.0000
0.0000
0.0000
2.0634

0.0515
1.0779
3.3793
2.5560
1.4104
1.7835
2.0148
2.4469
2.6487
0.5996



I. Discussion

1. Aldehyde Results

To investigate the efficiency of the aldehyde sampling system, separate analysis of the two
series impingers used in the sampling train was performed. The diluted exhaust from a
Snapper 21500C lawnmower was drawn through two impingers in series, at a flow of 432
mL/min for a period of 20.0 minutes. The contents of each impinger was analyzed
separately. Table 26 shows the results of this study. As this Table shows, aldehydes and
ketones are collected very efficiently, with 87 to 100% of 14 compounds being retained in
the first impinger. While two impingers were used in all exhaust sampling tests, impinger
contents were usually pooled into a single sample, to minimize analytical costs.

In order to explore analytical variability, sample ET-18 was analyzed in duplicate. Results
for this diesel exhaust sample are shown in Table 27 . Replicate samples exhibited excellent
agreement, with average deviations from the mean in the range of 0.1 to 2.7% for the 11
compounds detected.

Sampling variability was addressed by a series of tests using a Swirl Magic III 732053
lawnmower. Two consecutive 20.0 minute runs were performed on this engine. Table 28
shows that the sampling variability ranges from 0.5 to 13% (average 4%), for the 13
carbonyl compounds detected.
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Table 26- Impinger Breakthrough Study

ET-1

Conc. in pg/m3
Component imp #1 imp #2 amount in #1
formaldehyde 985.6 42.16 95.90%
acetaldehyde 4607.74 214.49 95.55%
acetone 1845.54 229.25 88.95%
propanal 1435.53 30.47 97.92%

- MEK 1245.15 59.79 95.42%
butanal 1105.31 43.27 96.23%
2&3-pentanone 410.22 0 100.00%
cyclohexanone 262.76 0 100.00%
pentanal 504.93 0 100.00%
4-methyl-

2-pentanone 3833.5 362.97 91.35%
4-methyl-

3-pentanone  320.86 0 100.00%
hexanal 2017.93 294.59 87.26%
benzaldehyde 1628.26 56.05 96.67%
unknown C4 1089.3 0 100.00%

ketone
AVERAGE 96.09%

deviation = observed x 100

average
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Table 27 - Analytical Precision (ET-18)

Conc. in pg/m3 ave. dev.

Component  run #1 run #2 from mean
formaldehyde 4558.01 4569.231 0.12%
acetaldehyde 1810.21 1815.06 0.13%
acetone 1454.82 1460.01 0.18%
propanal 352.23 356.23 0.56%
MEK 363.71 356.83 0.95%
butanal 320.51 323.55 0.47%
pentanal 124.34 131.27 2.71%
hexanal 864.53 880.48 0.91%
benzaldehyde 276.59 278.8 0.40%
unknown C4 54598 541.06 0.45%

ketone
unknown C7 1660 1686 0.78%

aldehyde
AVERAGE 0.70%

deviation = observed x 100
average
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Table 28- Sampling Precision (ET-10 and ET-11)

Conc. in mg/m3 ave. dev.

Component run #1 run #2 from mean
formaldehyde 5931.21 5544.77 3.37%
acetaldehyde 1264.07 1180.12 3.43%
acetone 1217.22 1204.02 0.55%
propanal 278.11 237.26 7.93%
MEK 333.14 308.81 3.79%
butanal 111.04 85.36 13.08%
cyclohexanone 100.16 95.67 2.29%
4-methyl- .

2-pentanone  520.58 558.67 3.53%
4-methyl-

3-pentanone  149.42 128.93 7.36%
hexanal 166.85 168.49 0.49%
benzaldehyde 312.22 309.5 0.44%
unknown C4  211.96 225.27 3.04%

ketone
unknown C6  931.03 953.35 1.18%

ketone
AVERAGE 3.88%

deviation = observed x 100
average
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2. Hydrocarbon Replicate Samples

To assess variability introduced by the exhaust sampling process, several duplicate engine

tests were conducted. Table 29 shows the results of duplicate samples taken from a 3 HP

Jawnmower. Similarly, Table 30 shows the results of duplicates taken from a Ford diesel
wractor. The average variability by species was about 30 % relative to the mean.

3 Aldehyde and Ketone Concentrations

Table 31 shows the contribution of formaldehyde as a fraction of total aldehydes as well as
of aldehydes plus ketones. For the engines tested, roughly 50 % of the total aldehyde
content was attributed to formaldehyde, in agreement with previous studies. Results form
two of the two-stroke engines (ET-1 and ET-4) showed very low aldehyde percentages.
These results were due to the very high non-aldehyde components in the exhaust of these
engines. Actual aldehyde concentrations (expressed as micrograms per cubic meter) in
diluted exhaust from these engines was comparable to that in other Category 2 sources.

Table 32 shows a camparison of formaldehyde concentrations for Category 2 and three
sources. The average value for formaldehyde percentage in these sources was found to be
around 1 %. For Category 3 sources, lower values of non-carbonyl hydrocarbons
produced apparently elevated values for formaldehyde, with an average of around 15 %.

4. Hydrocarbon Concentrations

As discussed earlier, separate analytical results from methane, hydrocarbon and aldehyde
analyses were collected into a combined data set for each engine. The major components
(acetylene, ethylene, xylenes, toluene, trimethyl benzenes) were present at values

comparable to other studies!l: 12

However, the magnitude of the aldehyde contribution to the total hydrocarbon content was
expected to be in the range of 8 to 14 %. In some of the samples taken, aldehydes were
significantly higher than this. The effect is particularly obvious in the diesel exhaust tests
(ET-17 through ET-27), which showed low values for total hydrocarbon. It should be
noted that these high aldehyde values were not due to anomalously high aldehyde
concentrations. Indeed, the aldehyde concentrations in the diluted diesel exhaust were
comparable to those obtained for the other engines in this study. However, the total
hydrocarbon content of these samples was significantly lower than the non-diesel engines.
Thus, the aldehydes contributed a larger percentage of the total sampled hydrocarbons for
these engines. A large fraction of the total hydrocarbon mass emitted by diesel engines is
associated with the particulate phase. No particulate samples were taken for any engine in
this study. It is therefore likely that the hydrocarbon speciation for the diesel engines tested
would be significantly different if high molecular weight, particulate-associated
hydrocarbons were included in the total.

The results for the analysis of the XAD-2 extracts taken from the diesel exhaust samples
were all below the detection limit for the method. Taking a value of 2 micrograms for the
lower limit of detection, this means that the heavy gas phase hydrocarbons were present at
values of less than one percent of the total exhaust hydrocarbon values measured by GC-
FID. Mention should again be made of the fact that many of these compounds are in, or
adsorbed onto the particulate phase of the exhaust, which was not sampled.
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Consistent with the original Request for Proposal, results have been summarized for
Category 2 and Category 3 Sources, as shown in Tables 32 and 33.

Examination of the overall results revealed that twelve compounds were responsible for
roughly 50 % of the total hydrocarbon mass for all engines tested. In a few cases, these 12
components accounted for nearly 70 % of all hydrocarbons. These major components
were: methane, ethylene, acetylene, propene, isopentane, benzene, toluene, m-xylene, p-
xylene, o-xylene, 1,2,4-trimethylbenzene and formaldehyde. Graphs of these profiles for
Category 2 and Category 3 sources are shown in Figures 20 and 21.
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Table 29 - Engine Test Duplicate

differenc % relative

differenc X relative

Compound ET-10 ET-11 absolute to mean absolute to mean
Methane 12.3172 B.4401 3.88 37.36 1,3,5-Trimethylbenze 0.7360 0.8014 0.07 8.51
Ethylene 7.4521 7.3841 0.07 0.92 2-Ethyltoluene 0.6275 0.8961 0.27 35.26
Ethane 0.9531 0.9230 0.03 3.20 t-butylbenzene 0.0000 0.0000 0.00
Acetylene 7.0708 9.4804 2.41 29.12 1,2,4-Trimethylbenze 2.0418 2.9129 0.87 35.16
Propene 3.4981 3.7195 0.22 6.13 i-butylbenzene 0.0339 0.0444 0.01 26.9M
s-butylbenzene 0.0437 0.0553 0.01 23.44
Propane 0.2706 0.1459 0.12 59.85
Methylacetylene 0.6787 0.4185 0.26 47 .44 n-Decane 0.1156 0.1350 0.02 15.52
i-Butane 0.2626 0.2562 0.01 2.46 1,2,3-Trimethylbenze 0.2962 0.5743 0.28 63.89
methanol 0.1086 0.0809 0.03 29.28 indane 0.1484 0.5651 0.42 116.83
i-butylene 1.4839 1.3373 0.15 10.39 1,3-Diethylbenzene 0.0000 0.0000 0.00
1-butene 0.8090 0.7917 0.02 2.16 1,4-Diethylbenzene 0.137¢ 0.4122 0.27 99.72
1,3-Butadiene 1.3788 1.2842 0.09 7.10 n-butylbenzene 0.0533 0.6659 0.61 170.36
1,2-Diethylbenzene 0.0000 0.0000 0.00
n-Butane 0.9386 0.8983 0.04 4.39 1,4-dimethyl-2-ethyl 0.0000 0.3438 0.34
trans-2-butene 0,3857 0.3641 0.02 5.76 1,3-dimethyl-4-ethyl 0.0628 0.3455 0.28 138,50
2,2-dimethyipropane 0.0000 0.0000 0.00 1,2-dimethyl-4-ethyl 0.0000 0.4309 0.43
cis-2-butene 0.3070 0.2881 0.02 6.35 1,3-dimethyl-2-ethyl 0.0606 0.1788 0.12 98.78
ethanol 0.0000 0.0534 0.05
i-Pentane 3.6077 3.4600 0.15 4.18 n-undecane 0.0000 0.0943 0.09
1-pentene 0.2905 0.2781 0.01 38 1,2,3,5-tetramethylb 0.0000 0.0000 0.00
1,2,4,5-tetramethylb 0.0000 0.1817 0.18
n-Pentane 1.2466 1.1572 0.09 7.44
trans-2-pentene 0.5%940 0.5304 0.06 1.3 OTHER COMPOUNDS
cis-2-pentene 0.2472 0.2357 0.01 4.77
2,2-Dimethylbutane 0.1606 0.8045 0.44 116.04 2-propenylbenzene 0.0000 0.0000 0.00
Cyclopentane 0.3988 0.198% 0.20 67.08 1,2-dichlorobenzene 0.0000 0.0000 0.00
2,3-Dimethylbutane 0.0460 0.3842 0.34 157.19 2-methylstyrene 0.6583 0.0000 0.66
2-Methylpentane 1.6579 1.5791 0.08 4.87 1-ethynyl-4-methylbe 0.0081 0.0000 0.01
3-Methylpentane 1.0483 0.6810 0.37 42.49 naphthalene 0.7971 0.0000 0.80
n-Hexane 0.8096 0.7480 0.06 7.91 OXYGENATES
Methylcyclopentane 1.2432 1.1765 0.07 5.52
2,4-Dimethylpentane 0.2691 0.2616 0.01 2.83 formaldehyde 0.8210 0.6614 0.16 21.53
Benzene 4.8613 41764 0.68 15.16 acetaldehyde 0.1750 0.1408 6.03 21.66
Cyclohexane 0.0345 0.0337 0.00 2.2% acetone 0.1685 0.1436 .02 15.93
2-Methylhexane 0.7433 0.7122 0.03 4.28 propanal 0.0385 0.0283 0.01 30.52
2,3-Dimethylpentane 0.2946 0.2%01 0.00 1.53 NEK 0.0461 0.0348 0.01 22.37
3-Methylhexane 0.7294 0.6973 0.03 4.51 butanal 0.0154 0.0102 0.01 40,61
2,2,4-trimethylpenta 0.6709 0.6621 0.0t 1.32 283-pentanone 0.0000 0.0000 0.00
cyclohexanone 0.0139 0.0114 0.00 19.40
n-Heptane 0.5411 0.0412 0.50 171.70 pentanat 0.0000 0.0000 0.00
Methylcyc lohexane 0.4471 0.4283 0.02 4.30 4-methyl -2-pentanone 0.90721 0.0666 0.0t 7.81
2,4-Dimethylhexane 0.2116 0.2046 0.0 3.37 2-methyl -3-pentanone 0.0207 0.0154 0.01 29.41
2,3,4-Trimethylpenta 0.2854 0.2839 0.00 0.54 hexanal 0.0231 0.0201 0.00 13.88
Toluene 7.7897 6.7268 1.06 14.64 benzaldehyde 0.0000 0.0000 0.0C
2,3-Dimethylhexane 0.1180 0.1063 0.01 10.45 C4 ketone 0.0293 0.0269 0.00 8.78
2-Methylheptane 0.3292 9.3130 0.02 5.07 Cé ketone 0.1289 0.1137 0.02 12.49
3-Ethylhexane 0.3205 0.3066 0.01 4.42 tolualdehyde ? 0.0000 0.0000 0.00
n-Octane 0.2720 0.2526 0.02 7.38 Other €2 1.3656 2.9143 1.55 72.37
Ethylbenzene 1.7420 1.5863 0.16 9.36 Other C3 0.1069 0.0906 0.02 16.47
m-Xylene 44973 4.0986 0.40 9.28 Other Cé& 1.2393 1.2379 0.00 0.12
p-Xylene 1.4996 1.3619 0.14 9.62 Other C5 2.8349 2.3149 0.52 20.20
Styrene 0.0000 0.5943 0.5%9 Other C6 2.5428 2.56658 0.12 4. 72
o-Xylene 2.0792 1.9286 0.15 7.51 Other C7 1.6126 2.1598 0.55 29.01
Other C8 1.7489 1.1480 0.60 41.48
n-Nonane 0.1565 0.1366 0.02 13.54 Other C9 1.3687 1.6944 0.33 21.27
i-Propylbenzene 0.0762 0.0750 0.00 1.58 Other C10 0.5496 1.3004 0.75 81.17
n-Propylbenzene 0.3392 0.3598 0.02 5.90 Other C11 0.0000 0.2114 0.21
3-Ethyltoluene 1.6844 1.8133 0.13 7.37
AVERAGE
(non-zero values) 0.23 27.85
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Table 30 - Engine Test Duplicate

differenc % relative

differenc % relative

Compound ET-17 ET-18 absolute to mean absolute to mesan
Methane 0.8140 0.6496 0.16 22.46 1,3,5-Trimethylbenze 0.1642 0.2135 0.07 38.M
Ethylene 11.7762 10.7621 1.01 9.00 2-Ethyltoluene 0.0000 0.0000 0.00
Ethane 0.1899 0.7990 0.561 123.18 t-butylbenzene 0.0000 0.0000 0.00
Acetylene 2.3064 2.3820 0.08 3.22 1,2,4-Trimethylbenze 0.0000 0.9189% 0.92
Propene 3.6814 3.3495 0.33 .44 i-butylbenzene 0.7139 0.0000 0.7
s-butylbenzene 0.0000 0.0000 0.00
Propane 0.0000 0.2630 0.26
Methylacetylene 0.2861 0.2070 0.08 32.07 n-Decane 1.0099 1.0133 0.00 0.34
i-Butane 2.5084 2.3146 0.19 8.04 1,2,3-Trimethylbenze 0.0000 0.000¢ 0.00
methanol 0.0000 0.0000 0.00 indane 0.8259 0.2018 0.62 121.45
i-butylene 0.7552 0.8008 0.05 5.86 1,3-Diethylbenzene 0.0000 0.0000 0.00
1-butene 1.1784 0.93%0 0.24 22.62 1,4-Diethylbenzene 0.0000 0.0000 0.00
1,3-Butadiene 0.0000 0.0000 0.00 n-butylbenzene 0.3727 0.1950 0.18 62.580
1,2-Diethylbenzene 0.0000 0.0000 0.00
n-Butane 0.0000 0.2232 0.22 1,4-dimethyl-2-ethyl 0.5263 0.2%29 0.23 57.00
trans-2-butene 0.3517 0.3527 0.00 0.28 1,3-dimethyl-4-ethyl 0.2640 ¢.0000 0.26
2,2-dimethylpropane 0.0000 0.0000 0.00 1,2-dimethyl-4-ethyl 0.4082 0.2465 0.16 49.41
cis-2-butene 0.1310 0.0000 0.13 1,3-dimethyl-2-ethyl 0.3939 0.2623 0.13 40.13
ethanol 0.0000 0.0000 0.00
i-Pentane 1.2323 1.2346 0.00 0.18 n-undecane 1.7610 0.0000 1.76
1-pentene 0.5115 0.1432 0.37 112.53 1,2,3,5-tetramethylb 0.2863 0.0000 0.29
1,2,4,5-tetramethylb 0.3500 0.0000 0.35
n-Pentane 0.2314 0.4297 0.20 60.01
trans-2-pentene 0.0000 0.0000 0.00 QTHER COMPOUNDS
cis-2-pentene 0.0000 0.0000 0.00
2,2-Dimethylbutane 0.0000 0.0000 0.00 2-propeny Lbenzene 0.0000 0.0000 0.00
Cyclopentane 0.0000 0.0000 0.00 1,2-dichlorobenzene 0.0000 0.0000 0.00
2,3-Dimethylbutane 0.0000 0.0000 0.00 2-methyistyrene 6.0000 0.0000 0.00
2-Methylpentane 0.9766 1.0783 0.10 9.90 1-ethynyl-4-methylbe 0.0000 0.0000 0.00
3-Methylpentane 0.0060 0.2627 0.26 naphthalene 0.0000 0.6000 0.00
n-Hexane 0.0000 0.6620 0.66 OXYGENATES
Methylcyclopentane 0.4614 0.0000 0.46
2,4-Dimethylpentane 0.0000 0.0000 0.00 formal dehyde 13.8609 15.0517 1.19 8.24
Benzene 1.0546 1.4391 g.38 30.83 acetaldehyde 5.5769 5.9778 0.40 6.9
Cyclohexane 0.1047 0.0000 0.10 acetone 3.4737 4.80642 1.33 32.14
2-Methylhexane 0.2441 0.0000 0.24 propanal 1.0996 1.1632 0.06 5.82
2,3-Dimethylpentane 0.0000 0.3102 0.31 MEK 0.6891 1.2011 0.51 54,17
3-Methylhexane 0.6024 0.5641 0.04 6.57 butanal 0.9395 1.0584 0.12 11.90
2,2,4-trimethylpenta 0.3088 0.3461 0.04 11.40 283 -pentanone 0.0000 0.0000 0.00
cyclohexanone 0.4923 0.3633 0.13 30.15
n-Heptane 0.0000 0.0000 0.00 pentanal 0.4698 0.4106 .06 13.45
Methylcyclohexane 0.0000 0.0000 0.00 4-methyl-2-pentanone 0.0000 0.0000 0.00
2,4-Dimethylhexane 0.0000 0.0000 0.00 2-methyl -3-pentanone 0.0000 0.0000 0.00
2,3,4-Trimethylpenta 0.0000 4.0000 0.00 hexanat 2.4875 2.8549 0.37 13.75
Toluene 0.6061 0.8388 0.23 32.20 benzaldehyde 0.7770 0.9134 0.14 16.14
2,3-Dimethylhexane 0.0000 0.0000 0.00 C4 ketone 0.0000 1.8030 1.80
2-Methy{heptane 0.0000 0.0000 0.00 Cé ketone 0.0000 0.0000 0.00
3-Ethylhexane 0.0000 0.0000 0.00 toluatdehyde ? 5.9897 5.4817 0.51 8.86
n-Octane 0.0000 0.1835 0.18 Other C2 1.3744 2.4273 1.05 55.39
Ethylbenzene 0.1778 0.2611 0.08 37.93 Other C3 1.4903 0.8622 0.63 53.40
m-Xylene 0.2918 0.5253 0.23 57.1 Other Cé& 3.4210 3.2601 0.16 4.82
p-Xylene 0.0000 0.0000 0.00 Other C5 3.6225 4.4539 0.83 20.59
Styrene 0.0877 0.0000 .09 Other Cé 0.9483 0.8910 0.06 6.23
o-Xylene 0.1999 0.2914 0.09 37.27 Other C7 1.3786 1.8813 0.50 30.84
\ Other C8 1.2236 1.4151 0.19 14.51
n-Nonane 0.23NM 0.4783 0.24 66.68 Other C9 36121 3.0487 0.36 11.25
i-Propylbenzene 0.0000 0.0000 0.00 Other C10 7.1707 3.6835 3.49 64.25
n-Propy lbenzene 0.1473 0.1765 0.03 18.08 Other C11 1.3480 0.9809 0.37 31.52
3-Ethyltoluene 0.26418 0.4017 0.16 49.638
AVERAGE
(non-zero values) 0.26 31.35
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Table 31 - Aldehyde Composition

formaidehyde as formaldehyde as
Component % of aldehydes % of ald+ketones
ET-1 7.93 5.47
ET-2 60.53 43.32
ET-3 62.48 30.65
ET-4 14.66 7.28
ET-5 92.00 86.61
ET-6 47.13 33.28
ET-8 60.47 30.09
ET9 42.30 30.56
ET-10 76.52 52.89
ET-11 76.84 51.87
ET-12 77.16 50.97
ET-13 65.96 35.16
ET-15 33.17 28.26
ET-17 54.98 38.66
ET-18 54.87 36.64
ET-20 55.20 39.09
ET-21 48.99 29.81
ET-23 58.67 40.51
ET-25 38.10 25.61
ET-26 39.71 23.94
ET-27 51.26 34.86
| Average % 53.28 35.98
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Table 32 - Formaldehyde Content of Category 2 and 3 Sources

Category 2

ET-01
ET-02
ET-03
ET-04
ET-05
ET-06
ET-08
ET-09
ET-10
ET-11
ET-12
ET-13
ET-15

average
std. dev.

formaldehyde
(% of total HC)

0.0101
0.5560
0.1564
0.0101
3.1622
0.5840
0.5983
0.1093
0.8210
0.6614
2.4286
0.7189
1.5810

0.8767
0.9608

Category 3

ET-17
ET-18
ET-20
ET-21
ET-23
ET-25
ET-26
ET-27

average
std. dev.

formaldehyde
(% of total HC)

13.8609
15.0517
19.0662

6.7659
21.7915
16.1934
11.8394
13.0769

14.7057
4.5698
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Table 33 - Category 2 Sources

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanol
i-butylene
1-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

¢thanol

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene

Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
2,2,4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane
2,3,4-Trimethylpentane
Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
0-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyltoluene

Average %

5.3620
5.8048
0.6877
6.3632
2.8071

0.6408
0.6597
0.2677
0.1350
0.9455
0.6899
0.9285

0.7352
0.1937
(.0000
0.1473
0.0262
2.9753
0.2331

1.1909
0.3317
0.3111
0.3879
0.2934
0.2150
1.7380
1.0969

1.1759
1.3691
0.3583
4.6581
0.0426
0.9158
04116
0.9530
0.7198

0.5642
0.3658
0.3372
0.5155
8.2185
0.1557
0.3731
0.4263

0.3904
1.8015
3.8057
2.0264
0.1745
2.5522

0.4298
0.0834
0.4286
1.7022

sigma

4.0293
3.9001
0.4568
4.6786
1.7694

0.9276
0.5849
0.1651
0.1362
0.5395
0.3486
0.7870

0.3851
0.1285

0. 1182
0.0283
1.6642
0.1148

0.5909
0.2780
0.3553
0.5676
03323
0.2232
1.0186
0.6613

0.5047
0.7530
0.2194
1.4404
0.0695
0.6312
0.2708
0.5926
0.6383

0.4477
0.1645
0.2275
0.4373
2.9394
0.1461
0.3504
0.3729

0.2191
0.6779
3.0954
1.9999
0.2965
1.1587

0.3112
0.1031
0.2390
1.0071
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethyibenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethyibenzene

OTHER COMPOUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde

acetone

propanal

MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

Average %

0.8773
0.7332
0.0000
2.8280
0.0257
0.0390

0.2763
0.3696
0.2434
0.0163
0.2154
0.3461
0.0904
0.2298
0.1646
0.2564
0.0944

0.1598
0.0690
0.1164

0.0000
0.0000
0.1239
0.0816
0.0613

0.8767
0.2319
0.2841
0.1156
0.0498
0.0055
0.0004
0.0145
0.0016
0.0687
0.0408
0.0989
0.0705
0.0233
0.0470
0.0000

3.5233
0.8401
1.1690
2.3134
3.2076
2.3108
1.8690
2.5245
22177
0.5326

sigma

0.3189
0.3680
0.0000
1.2442
0.0311
0.0535

0.3352
0.3224
0.2740
0.0589
0.2711
0.5157
0.2392
0.2520
0.2076
0.3314
0.1404

0.3549
0.1663
0.2782

0.0000
0.0000
0.3084
0.2917
0.2211

0.9608
0.2569
0.2612
0.3050
0.0514
0.0075
0.0012
0.0366
0.0041
0.0893
0.0558
0.1585
0.1324
0.0315
0.0762
0.0000

3.0966
1.4332
0.5502
0.7067
2.2075
1.9503
0.9243
1.4506
2.0990
0.9150



Table 33 - Category 3 Sources

Compound

Methane
Ethylene
Ethane
Acetylene
Propene

Propane
Methylacetylene
i-Butane
methanoi
i-butylene
i-butene
1,3-Butadiene

n-Butane
trans-2-butene
2,2-dimethylpropane
cis-2-butene

ethanot

i-Pentane

1-pentene

n-Pentane
trans-2-pentene
cis-2-pentene
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane

n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Benzene

Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
2,2,4-trimethylpentane

n-Heptane
Methylcyclohexane
2,4-Dimethylhexane

Average %

4.0817
14.3684
0.5643
4.2526
2.5952

0.1856
0.4658
1.2216
0.0296
0.9211
0.6653
0.1898

30.1039
0.1951
0.0000
0.0944
0.0081
0.6012
0.3236

0.1752
0.0398
0.0300
0.0607
0.0121
0.0285
0.3919
0.1146

0.1564
0.1488
0.0185
1.9998
0.0261
0.1153
0.0726
0.3478
0.2976

0.0676
0.0682
0.0360

2,34-Trimethylpentane 0.0148

Toluene
2,3-Dimethylhexane
2-Methylheptane
3-Ethylhexane

n-Octane
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene

n-Nonane
i-Propylbenzene
n-Propylbenzene
3-Ethyitoluene

1.4713
0.0112
0.0571
0.0599

0.1392
0.3047
0.6110
0.0949
0.0584
0.3343

0.2303
0.0145
0.1226
0.2470

sigma

4.6205
3.6717
0.6896
3.5447
2.2309

0.1741
0.6573
0.9136
0.0442
0.5492
0.5266
0.5027

0.1073
0.1420
0.0000
0.0956
0.0228
0.46594
0.2239

0.1746
0.0585
0.0373
0.1144
0.0242
0.0517
0.4334
0.1396

0.2241
0.1876
0.0319
1.7540
0.0372
0.1025
0.1037
0.1600
0.1377

0.0676
0.0588
0.0328
0.0304
1.7242
0.0166
0.0596
0.0598

0.0990
0.2261
0.4891
0.1424
0.0698
0.1964

0.1507
0.0207
0.0663
0.1811
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Compound

1,3,5-Trimethylbenzene
2-Ethyltoluene
t-butylbenzene
1,2,4-Trimethylbenzene
i-butylbenzene
s-butylbenzene

n-Decane
1,2,3-Trimethylbenzene
indane

1,3-Diethylbenzene
1,4-Diethylbenzene
n-butylbenzene
1,2-Diethylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyi-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene

n-undecane
1,2,3,5-tetramethylbenzene
1,2,4,5-tetramethylbenzene

OTHER COMPOQUNDS

2-propenylbenzene
1,2-dichlorobenzene
2-methylstyrene
1-ethynyl-4-methylbenzene
naphthalene

OXYGENATES

formaldehyde
acetaldehyde
acetone
propanal
MEK

butanal
2&3-pentanone
cyclohexanone
pentanal
4-methyl-2-pentanone
2-methyl-3-pentanone
hexanal

benzaldehyde

C4 ketone

C6 ketone
tolualdehyde ?

Other C2
Other C3
Other C4
Other C5
Other C6
Other C7
Other C8
Other C9
Other C10
Other C11

Average %

0.1937
0.1380
0.0066
0.5293
0.1265
0.0508

0.5279
0.1198
0.1874
0.0545
0.1352
0.1267
0.0860
0.1292
0.0985
0.1095
0.1593

0.2609
0.0358
0.0438

0.0000
0.0000
0.0475
0.0000
0.0853

14.7057
7.3484
7.5022
0.9687
1.4772
1.8665
0.0000
0.1070
0.1101
0.0000
0.0000
3.7967
0.6589
1.7482
0.8993
2.8189

0.7809
0.4641
1.8495
1.9882
0.8922
1.3572
1.2137
2.1501
2.5929
0.5649

sigma

0.089%4
0.1402
0.0186
0.4444
0.2412
0.0618

0.4230
0.1635
0.3081
0.0880
0.1629
0.1428
0.1356
0.1900
0.1093
0.1498
0.1468

0.6168
0.1012
0.1238

0.0000
0.0000
0.1344
0.0000
0.2412

4.5698
2.5571
2.9769
0.6366
0.5746
2.6325
0.0000
0.2010
0.2044
0.0000

14367
0.6224
1.8642
2.5437
2.6023

0.8165
0.5909
1.2969
1.4513
0.3770
0.5620
0.7062
12570
2.3690
0.5778



Figure 20 - Category 2 Major Exhaust Components

A M
T

N

Al
AR S
AN
gL

12 Major Components

AR

Category 2 Hydrocarbon Profiles

80
70
20 f
10

sSu0qJed0ipAy |B10) JO 9

o
c
(O]
N
c
1))
0

propene

MW isopentane

toluene

E acetylene

- methane
. ethylene

2 3 456 8 91011121315

1

O
©
>
L
o
3
©
=
L=
Q
e

engine test #




Figure 21 - Category 3 Major Exhaust Components
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Appendix A - Hydrocarbon References
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Appendix B - Aldehyde Reterences
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APPENDIX
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Appendix C - Photographs of Selected Sampling Setups
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Appendix D - Protocol for Sampling Engine Exhaust Emissions
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Appendix D - Protocol for Sampling Engine Exhaust Emissions

1. A ilf
1.1  The procedures described herein will be applied to sampling exhaust from selected
utility and heavy-duty engines.
2. Method
2.1  Engine exhaust CO2 content will be determined by NDIR analysis.
2.2 Engine exhaust will be pulled into a dilution mini-tunnel by the action of low
pressure in a sonic nozzle placed in the dilution tunnel.
2.3 Engine exhaust will be diluted with zero air in the approximate ratio of 1:10.,
2.4 Diluted exhaust will be sampled simultaneously at two ports,
2.4.1  Samples for hydrocarbon analysis will be collected in evacuated,
passivated stainless steel canisters.
2.42  Samples for aldehyde analysis will be pulled through a series of two
midget impingers filled with acidified acetonitirile and DNPH.-
2.5  Analysis for hydrocarbons will be performed using gas chromatography with flame
ionization or mass spectrometric detection, as appropriate.
3. Components
3.1 A cylinder of zero air, containing less than 0.1 PPM hydrocarbons.

3.1.1  Asize 3 or size 2 cylinder of Ultra Zero Air, from Matheson, Cucamonga,
CA.

3.1.2 A pressure regulator capable of providing cylinder outlet pressures in the
range of 0-200 PSIG, MODEL 1H, Matheson, Cucamonga, CA.



3.2 Pressure gauge, 0-200 PSIG, #63-3122, from Matheson, Cucamonga, CA.

3.3 Magnetic gauge, 1-5 inches of water, Dwyer Instruments, Michigan City, IN, or a
slack tube nanometer capable of reading in same range.

3.4  SUMMA-passivated stainless steel canister, 3.2 liters.

3.5  Dilution mini-tunnel.

3.6 DNPH, acetonitrile, hydrochloric acid, Baxter Scientific, Irvine CA.

3.7 An air sampling pump, capable of flow rates in the range of 1-2 liters/min.

3.8 A rotameter, Ace Glass, Vineland, NJ.

3.9 A dry test meter to total aldehyde sampling volume. Alternatively, an electronic soap
bubble flowmeter.

Procedure

4.1  Engine information is recorded on data sheet.

4.2 Perform engine compression check, if appropriate.

4.3 Inspect spark plug, and replace as appropriate.

4.4 Inspect fuel level. Fill with an amount of fuel (pre-mixed, if required) adequate for
duration of test.

4.5  Assemble hydrocarbon samplin g train.
4.5.1  Check pressure in stainless steel canister.

4.6  Assemble aldehyde sampling train.



4.7

4.8

4.9

4.10

4.12

4.13

4.6.1  Set pump flow rate at desired value (0.4 t0 2.0 I/min).
Attach zero air source to dilution tunnel.
Set zero air pressure and flow, in accordance with desired dilution ratio.

Start and warm up test engine.

With engine under load, measure CO2 level in exhaust with NDIR exhaust gas

analyzer,

Insert tunnel probe into engine exhaust stream.

Check CO2 content of exhaust leaving dilution tunnel, using NDIR analyzer.
When CO2 content has reached steady state, record time and begin sampling,
4.13.1 With aldehyde sampling pump running, open aldehyde tunnel port.
4.13.2  Collect aldehyde sample for 10-15 minutes.

4.13.3  Concurrent with aldehyde sample collection, open hydrocarbon tunnel
port, '

4.13.4  Open canister valve, and allow sample to fill canister. Orifice dimensions
should be selected to allow 10-15 minutes for filling to be completed.

4.13.5 Atend of sampling interval, close aldehyde and hydrocarbon ports.
4.13.6 Record canister final pressure, and close canister valve.

4.13.7  Shut off aldehyde sampling pump, remove sampling cartridge, seal both
ends with caps, and place into screw capped culture vial.



Appendix E - ANALYTICAL METHODOLOGY AND CALIBRATION
5.1 Introduction to Analytical Methodology

Environmental Analytical Service, Inc. (EAS) performed the chemical analysis of diluted engine
exhaust and bagged component samples using dedicated gas chromatographs (GC) equipped with flame
ionization detectors (FID). The FID provides maximum sensitivity for hydrocarbons and has a selective
response to hydrocarbon atoms. With proper gas chromatographic separation methods, the concentration
of components in complex mixtures can be accurately determined. A GC equipped with a mass
spectrometer detector (MSD) was used for confirmation of compound identities in collected samples.

hese methods provided complete compound speciation for all photochemically reactive organic
compounds (PROC) as described in the EPA document Guidance for the Collection and use of Ambient
Hydrocarbon Species Data in Development of Ozone Control Strategies (Singh, 1980). The following
sections describe the analytical methods EAS used for the fugitive emissions study.

5.1.1 Analysis of Methane

Methane in the collected samples was analyzed usin%a Carle AGC 100 isothermal gas
chromatograph. The methane was separated from air and CO using a 6’ Molecular Sieve 5A Column at,
50 °C. The helium carrier gas flow rate used was 30 mL/min. Air pressure was maintained at 16 psig and
hydrogen pressure at 22 psig, as recommended by the manufacturer. A 2.0 mL sampling loop was used to
measure the sample size. The sample loop was kept in a thermostated oven to maintain constant volume.
The peaks were integrated using a HP 3393A computing integrator which directly calculated the methane
concentration in ppmC. The relative precision for methane at 1,725 ppbvCis 0.2 to 0.4%. The response
has been demonstrated to be linear to 20 ppmvC.

5.12  Light Hydrocarbon Analysis (C2 to C4) at Low Concentrations

The light hydrocarbons were analyzed using a GC/FID packed column procedure. The column and
procedure used for analysis is recommended by EPA and described in California Air Resources Board
Method 104. The column used was 1/8" by 10’ stainless steel packed with phenyl-isocyanate on Durapack
80/100 mesh. The gas chromatograph used was an HP 5890 with a Model HP3393A computing integrator
equipped with chart readout. A 100 to 500 mL gas sample was concentrated using a glass bead freezeout
loop procedure. The column was operated isothermally at 28 °C.

A diagram for the instrumental set-up for light hydrocarbon analysis is shown in Figure 5.1.1. The
sample canister is connected to a counterflow dryer made of Nafion tubing. The dryer removes water
vapor from the sample before analysis. The sample loop is immersed in a Dewar flask filled with liquid
oxygen, which traps out hydrocarbons from C2 to C10 quantitatively. The sample is pulled through the
glass bead freezeout loop by vacuum. The volume of sampie was determined by measuring the pressure
drop in a 1.2 liter canister. A precision vacuum test gauge was used to measure the pressure change from
which the volume of sample can be calculated (see Section 6.3.3). The system can be used to accurately
measure 2 sample size ot 100 to 500 mL.

Once the constituents are trapped, the six port valve is switched from <load> to <analyze>, and
the freezeout loop is placed in 80 °C water to thermally desorb the hydrocarbons. The desorbed
compounds flow to a 1/8" by 10’ stainless steel column packed with phenylisocyanate on Durapack 80/100
mesh. Analysis is performed isothermally at 28 °C. The column flow is controlled by column head
1gressure and is maintained at 20 psig to give a flow of 40 mL/min. The hydrocarbons are analyzed on a

ID detector. The operating conditions are summarized in Table 5.1.

79



FIGURE 5.1 LIGHT HYDROCARBON ANALYSIS SETUP

tniegraioe

0i3¢c Drave

—>

Reguiaios

Gan
Pump
Caitier Gas

‘q

e
()

Back Prossure

M
J . |
Flow rglianhollu
| . |

Vacuwum
1dngae

Vacuum
Can 800 my
Vent
3 WIV
Ball vaitve
feeozrnn
Laop

- o
e >
-3
>
-
ae -
23
= D>

(]

tas
A

Stanaaa
tonpg ?

>
-
>

I3
=~

80



‘TABLESJ

OPERATING CONDITIONS

METHANE -

Flows -
Helium 30 ml/min
Hydrogen 30 ml/min
Gag Pressures -

Helium (Column Pressure) 40 psig

Bydrogen (Flame) 24 psig

Air (Flame) 15 psig
Temperature Program - 50 C
Detector Temperature - 150 C
Sample Size - 1.0 ml

LIGHT HYDROCARBONS -

Flows -
Helium 29 ml/min
Hydrogen 31 ml/min
Alr 340 ml/min
Gas Pressures -
Helium (Column Pressure) 40
Bydrogen (Flame) 17.5 psig
Air (Flame) 34 psig
Temperature Program - 30 C
Detector Temperature = 250 C
Sample Size - 500 ml

HEAVY HYDROCARBONS -

Flows =

Air 420 ml/min

Nitrogen 43 ml/min
Gas Pressures -

Bydrogen (Column Pressure)

Bydrogen (Flame)

Ailr (Flame)

Nitrogen (Make-up Gas)
Temperature Program- -20C for 2 m
Detector Temperature - 275 C
Sample Size - 500 ml
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psig

7 psig
17 psig
35 psig
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The peak areas were integrated using an HP 3393A computing integrator with chart recorder. The
charts were examined to verify proper system operation and chromatographic resolution. The integrated
data were used to calculate the concentration of the constituents. These results were compared with
standard runs, and quantified against a commercial Propane standard that is traceable to NBS standards
(see Section 5.4.2). qRc:sponse factors of hydrocarbons other than propane are based on carbon number
and checked experimentally and against literature values (Dietz, 1967). Hard copies of the
chromatograms, and integrated data are EAS proprietary materials which are stored permanently at the
laboratory for a five year period. These materials are available for inspection by the client at the EAS
laboratory and are not released in copy form to the client.

Analysis of Light Hydrocarbons (C2 to C6) at High Concentrations.

Some light hydrocarbons from bagged component samples were present at high concentrations.
These samples were analyzed on the Carle AGC 100 GC using a 1/8" x 30’ column containing 23 % SP-
1700 on 80/100 Chromosorb PAW operating at 75 °C, isothermal. A 1.0 mL sample loop with backflush
was used for direct injection. Concentrations in the 0.1 percent to 100 percent range were measured using
a thermal conductivity detector (TCD). The precision for this method at 5 percent concentration is 0.5
percent. For concentrations in the 1 to 1000 ppmvC range, a FID was used. The precision at 9.5 ppmv is
1.0 percent. EAS maintains a complete line of commercial light hydrocarbon standards spanning the
range of 10 ppmv to 10 percent. The results were integrated using an HP 3393A integrator and the
concentrations of the individual hydrocarbons were determined by transferring the integrated areas into a
HP 150 computer using a LOTUS 1-2-3 spreadsheet.

5.1.3 Heavy hydrocarbon and Oxygenates Analysis (CS to C 10)

The heavy hydrocarbons and oxygenates (aldehydes and ketones) were analyzed using an HP 5890
with a fused silica capillary column. This method was described in Sing (1980). This publication describes
the use of a canister-based system in conjunction with a freezeout loop for the analysis of sub-par billion
hydrocarbons and stable oxygenates. The analysis procedure is similar to that used by Westburg (1984)
and Rasmussen (1987). The capillary column provides the required resolution to separately identify the
individual reactive organic compounds. Major components that cannot be identified using FID were
analyzed for confirmation on an HP 5890/5970 GC/MSD system as described in EPA Method TO-14. A
diagram for the instrumental set-up is shown in Figure 5.1.2. The heavy hydrocarbons are analyzed by
passing the sample through a Nafion dryer into the 8" glass bead freezeout loop immersed in liquid
oxygen. The components are desorbed into a fused silica cryofocussing loop with 80 °C hot water. They
are then desorbed from the cryofocus loop and the components are separated using a 100-meter 0.25-

micron fused silica capillary column with a 0.5-micron coating. The column is programmed from -20 °C to

hydrocarbons have a uniform response based on the number of carbon atoms. Data from the integrator
were entered into a LOTUS 1-2-3 spreadsheet to generate the final report.
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5.1.4 Compound Analysis and Identification

The GC/MS method (EPA Method TO-14) uses a cryotrapping system and a high resolution
capillary column to analyze for volatile organic compounds.

A diagram of the analytical system, with an HP 5970 MSD for the detector, is shown in Figure 5.1.3
. A 100 to 1000 mL %aseous sample is introduced from the air sampling canister through a Nafion dryer to
the freezeout loop. The freezeout loop is immersed in liquid oxygen and concentrates the air sample.
After the sample is loaded, it is cryofocussed onto the beginning of a 30 meter fused silica capillary
column. The 01¥ofocused loop is then warmed and the compounds are separated and enter the mass
spectrometer. The GC/MS has a complete data system capable of collecting, storing, and interpreting the
data collected. The GC/MS is tuned and operated according to the specifications outlined in EPA S
846 Test Methods. Compounds were calibrated by the external standard procedure using a NBS traceable
Scott-Marrin air standards. The relative standard deviation of the method is 20% at S ppbv and the MDL
is 0.5 ppbv for most compounds.

5.1.5 Permanent Gases (Nitrogen, Oxygen, Carbon Dioxide, Methane)

The permanent gases were analyzed by a SCAQMD method using a GC with a thermal
conductivity detector and a FID on a Molecular Sieve 5A column a Poropak Q/N column mix. the system
uses a 1 mL sample loop and is set-up with column backflush and bypassing to simultaneously measure the
Carbon Dioxide and other fixed o;ases. The instrument is run isothermally at 70° C with helium carrier gas
and has a detection limit of 0.05%. For low levels of Carbon Dioxide a catalyst is used to convert the
Carbon Dioxide to Methane for analysis.

5.1.6  Aldehydes by the DNPH method

The C1 to C4 aldehydes were analyzed by a modification of EPA Method TOS5. This method is
based on the reaction of low molecular weight aldehydes and ketones with 2,4-dinitrophenyihydrazine to
torm stable derivatives. The source gases were sampled using midget impingers filled with acidified
DNPH in acetonitrile. An aliquot of the impinger contents was analyzed using high performance liquid
chromatography. The analytical column used was a Supelcosil LC18 reverse phase type, with a Supelco
guard column. The system was run isocratically, using 70% methanol / 30% water as the eluant. The
sample, typically 15 microliters, was injected with a Pressure-Lok syringe. The aldehydes were detected
using a UV-visible detector operating at a wavelength of 360 nm, and quantified using an HP 3393A
computing integrator.

5.2 Analytical Standard Operating Procedures
5.2.1 Methane Analysis
L. Standards
This procedure is used to load standards at high concentrations (5 ppmv) and have them
diluted using calibrated loops to give GC responses equivalent to ambient concentrations. Dilution
is 1/1000 with an uncertainty of less than 5%.

a.  Setsystem to operating parameters given in Table 5.1.b.

b.  Light FID, and piace sample valve in load position.

84



daerg o8 gQ

ro1esBogu)

FIGURE 5.1.3

doo
NodIRIy

prepuntg

nr..— ¢ dooy
39 Aregqiden preputs
.’—._>
\ "
a
vAyep
2 tiuyg ybi)
1 doo)
piepueig
b 3AI7A J1eg 1wan
Avap
A |< H

roleynBay einstary yoep

LLLERTIVET X1

N

WA
b I |
.-..n._eouw_ LIJF] A—v
dwny mM iw ppe ve)
1ren wJ whnnaep

whnen
NULETYY

.c:.a_:OU
Wit g

— 19hy
IA|EA

Aepn t

Iy
vrey

85



2.

5.2.2

Connect standard cylinder to sampling line.

d.  Open valve on standard cylinder and let bubble for 3 seconds to flush loop. Close
valve.
e.  Rotate sample valve to inject position, start integrator.
f.  Atend of run turn sample valve to load position.
g Disconnect standard cylinder.
Ambient Air Samples

This procedure can be used to load low pressure samples in stainless steel sample
canisters, and to load low pressure standards at simulated ambient concentrations.

a.

b.

Set system to operating parameters given in Table 5.1.b.
Light FID, turn sample valve to load position.
Connect sample canister to sampling line.

Open valve on sample canister, and let bubble for 3 seconds to flush loop. Close
valve.

Turn sample valve to inject, and start integrator.
At the end of the run, turn sample valve to load.

Disconnect sample canister from sample intake line, record can pressure, place cap
on sample canister, and place on table for light hydrocarbon analysis.

Light Hydrocarbon Analysis

This procedure is used to load standards at high concentrations (5 ppmv) and have them
diluted using calibrated loops to give GC responses equivalent to ambient concentrations. Dilution
is 1/1000 with an uncertainty of less than 5%.

a.

b.

Set system to operating parameters given in Table 6.1.b.

Light FID, turn on vacuum pump, turn on hot water, pour one Dewar of liquid
oxygen, and place sample valve in the load position.

Open vacuum valve and evacuate volume measuring canister to 22.0",
Turn air sampling valve to zero air position.

Connect standard input line of 6 port standard valve to standard cylinder. Set
regulator on standard cylinder to 10 psig. Open regulator valve,

Flush samKf loop with zero air by opening intake valve and turning selector to

le
vacuum. After a drop of 2" vacuum turn standard valve to load position. Turn
selector to off and close intake valve. Re-evacuate volume measuring canister to 22",

86



Place freezeout loop in liquid oxygen Dewar.

Open vaive on standard cylinder and let bubble for 3 seconds to flush loop. Close
valve.

i.  Rotate standard valve to inject position, turn selector to vacuum,

j-  Let pressure rise until it reaches 10". This corresponds to a zero air volume of 500
mL.

k.  Close intake valve first then turn selector to off. Close valve on sample can.

I Turn sample valve to inject, remove liquid oxygen and immediately place freezeout
loop in hot water bath and start integrator. :

m. At end of run, turn sample valve to load position and remove hot water bath.

n.  Turn regulator on standard cylinder off, and close regulator valve. Disconnect
standard cylinder.

Ambient Air Samples

This procedure can be used to load low pressure samples in stainless steel sample
canisters, and to load low pressure standards at simulated ambient concentrations.

a. Set system to operating parameters given in Table S.1.b.

b. Light FID, turn on vacuum pump, turn on hot water, pour a Dewar of liquid oxygen,
and place sample valve in the load position. Turn sampling line open to sample
position.

¢. Open vacuum valve and evacuate volume measuring canister to 22.0".

d. Connect sample canister to intake line.

e. Open intake valve and turn selector to vacuum and flush system and glass bead
freezeout loop to 22" vacuum. '

f.  Close intake valve, and turn selector to off. Re-evacuate volume measuring canister to
22.0". Flush system with small amount of sample by opening selector valve and sample
canister and re-evacuate volume measuring canister to 22.0",

Place freezeout loop in liquid oxygen Dewar.

Open valve on sample canister.

i.  Turn selector to vacuum and open intake valve. Let pressure rise in volume
measuring canister until it reaches 10". This corresponds to a sample size of 500 mL.

j-  Close intake valve first then turn selector to off. Close valve on sample canister.

k. Turn sample valve to inject, remove liquid oxygen Dewar replace with hot water bath,
and start integrator.
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At end of run turn sample valve to inject position, and remove hot water bath.

m. Disconnect sample canister from sample intake line, record can pressure, place cap on

sample canister, and place on table for heavy hydrocarbon analysis.

5.2.3 Heavy Hydrocarbon Analysis

1. Hydrocarbon Standards

This procedure is used to load standards at high concentrations (5 ppmv) and have them
diluted using calibrated loops to give GC responses equivalent to ambient concentrations. Dilution
is 1/1000 with an uncertainty of less than 5%.

a.

b.

Set system to operating parameters giveh in Table 5.1.b.

Light FID, turn on vacuum pump, turn on hot water, pour two Dewars of liquid
oxygen, and place sample valve in the load position.

Open vacuum valve and evacuate volume measuring canister to 24.5".
Turn intake valve to "zero air” position.

Connect standard input line of 8 port standard valve to standard cylinder. Set
regulator on standard cylinder to 10 psig. Open regulator valve.

Flush both sample loops with zero air by opening intake valve and turning selector to
vacuum. After a drop of 2" vacuum turn standard valve to flush other loop. After an
additional 2" vacuum drop turn selector to off and close intake valve. Leave standard
valve in position for desired loop size. Re-evacuate volume measuring canister to
24.5",

Open valve on standard cylinder and let bubble for 3 seconds to flush loop. Close
valve. :

Place freezeout loop in liquid oxygen Dewar.

Rotate standard valve and turn selector to vacuum.

Let pressure rise until it reaches 14". This corresponds to a zero air volume of 500 mL.
Turn selector to off. Close valve on standard cylinder.

Place capillary loop in liquid oxygen Dewar.

Set timer for 2.5 min, and turn sample valve to inject.

Remove liquid oxygen and place freezeout loop in hot water bath. Start timer.

At 1.5 min set initial oven temperature to -20° C.

After 2.5 min and oven temperature of -20° C, turn sample valve to load position, start
integrator, and simultaneously pull out capillary loop.

Remove hot water from freezeout loop.
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T.

S.

Turn cryo valve off at 25° C. CLEAR. ENTER OFF.

Disconnect standard cylinder. Turn regulator on standard cylinder off, and close
regulator valve,

2. Ambient Air Standards

This procedure can be used to load low pressure samples in stainless steel sample
canisters, and to load low pressure standards at simulated ambient concentrations.

a.

b.

Set system to operating parameters given in Table 5.1.b.

Light FID, turn on vacuum pump, turn on hot water, pour two Dewars of liquid
oxygen, and plate sample valve in the load position.

Open vacuum valve and evacuate volume measuring canister to 24.0".
Turn intake valve to "sample" position.

Open intake valve and turn selector to vacuum and flush system and glass bead
freezeout loop to 22" vacuum.

Close intake valve, and turn selector off. Re-evacuate volume measuring canister to
24.5".

Flush system with a small amount of sample by turning selector to vacuum, open
sample canister and let pressure rise to 22". Close samPle canister, and turn selector
to off. Re-evacuate volume measuring canister to 24.5",

Place freezeout loop in liquid oxygen Dewar.

Open valve on sample canister.

Turn selector to vacuum and let pressure rise in volume measuring canister until it
reaches 14". This corresponds to a sample size of 500 mL.

Turn selector to off. Close valve on sample canister.
Place capillary loop in liquid oxygen Dewar.
Set timer for 2.5 min, and turn sample valve to inject.

Remove liquid oxygen, place treezeout loop in hot water bath and simultaneously start
timer.

At 1.5 min set initial oven temperature to -20° C.

After 2.5 min and oven temperature of -20° C, turn sample valve to load position, start
integrator, and simultaneously pull our freezeout loop.

Remove hot water from freezeout loop.

Turn cryo valve off at 25° C, CLEAR. ENTER OFF.
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s. Disconnect sample canister from sample intake line, record can pressure, place cap on
sample canister, and place on temporary storage shelf.
524 Attachment 1 Compounds by GC/MS
L Standards
This procedure is used to load standards at high concentrations (5 ppmv) and have them
diluted using calibrated loops to give GC responses equivalent to ambient concentrations.
Dilution is 1/500 with an uncertainty of less then 5%.

a. Set system to operating parameters.

b.  Turn on vacuum pump, turn on hot water, and pour two Dewars of liquid oxygen, and
place Sample Valve in the load position.

c. Open Vacuum Valve and evacuate Volume Measuring Canister to 24.5".
d. Turn Intake Valve to "aero air" position.

e. Connect Standard Input Line of 8 port Standard Valve to standard cylinder. Set
regulator on standard cylinder to 10 psig. Open regulator valve. -

£. Flush both sample loops with zero air by opening Intake Valve and turning Selector to
vacuum. After a drop of 2" vacuum turn standard valve to flush other loop. After an
additional 2" vacuum drop turn Selector to off and close Intake Valve. Leave
Standard Valve in position for desired loop size. Re-evacuate Volume Measuring
Canister to 24.5".

g. Open valve on standard cylinder and let bubble for 3 seconds to flush loop. Close
valve. '

h. Place freezeout loop in liquid 0;(ygen Dewar.

L Rotate Standard Valve and turn Selector to vacuum.

J- Let pressure rise until it reaches 14". This corresponds to a zero air volume of 500 mL.

k. Turn Selector to off. Close valve on standard cylinder.

I Place capillary loop in liquid oxygen Dewar.

m. Set timer for 2.5 min, and turn Sample Valve to inject.

n. Remove Liquid Oxygen and place freezeout loop in hot water bath. Start timer.

0. On GC/MS computer enter the data acquisition program and set up data collection
file for standard. Standard files are formatted as: S (Days Date) (Last digit of year) A

(Run Number). D Turn on cryo option, and enter the Prepare To Inject Program.

p- After 2.5 min and oven temperature of -20° C, turn Sample Valve to load position, hit
the GO softkey on the computer, and simultaneously pull out capillary loop.
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Remove hot water from Freezeout loop.
Turn cryo valve off at 25° C. CLEAR. ENTER OFF.

Disconnect standard cylinder. Turn regulator on standard cylinder off, and close
regulator valve.

2. Ambient Air Standards

This procedure can be used to load low pressure samples in stainless steel sample
containers, and to load low pressure standards at simulated ambient concentrations.

a.
b.

C.

Set system to operating parameters given in Table 1.
Open Vacuum Vaive and evacuate Volume Measuring Canister to 24.0".
Turn Intake Valve to "sample" position.

Open Intake Valve and turn Selector to vacuum and flush system and glass bead
Freezeout Loop at 22" vacuum.

Close Intake Valve, and turn selector to off. Re-evacuate Volume Measuring Canister
to 24.5". :

Flush system with a small amount of sample by turning Selector to vacuum, open
Sample Canister and let pressure rise to 22". Close Sample Canister, and turn Selector
to off. Re-evacuate Volume Measuring Canister to 24.5".

Place Freezeout Loop in liquid oxygen Dewar.

Open valve on Sample Canister.

Turn Selector to vacuum and let pressure rise in Volume Measuring Canister until it
reaches 14". This corresponds to a sample size of 500 mL.

‘Turn Selector to off. Close valve on Sample Canister.

Place Capillary Loop in liquid oxygen Dewar.
Set timer for 2.5 min, and turn Sample Valve 10 inject.

Remove liquid oxygen, place Freezeout Loop in hot water bath and simultaneously
start timer.

On GC/MS computer enter the data acquisition program and set up data collect
ion file for standard. Standard files are formatted as- S(Days Date)(Last digit of
year)A(Run Number).D Turn on cryo option, and enter the Prepare To Inject
Program.

After 2.5 min and oven temperature of -20°C, turn Sample Valve to load position, hit
the GO softkey on the computer, and simultaneously pull out capillary loop. Min set
initial oven temperature to-20° C.

Remove hot water from Freezeout Loop.
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Q. Turn cryo valve off at 25° C. CLEAR. ENTER OFF.
r. Disconnect Sample Canister from Sample Intake Line, record can pressure, place cap
on Sample Canister, and place on temporary storage shelf.
5.2.5 Permanent Gases

1. Standards

a.

b.

h.

i

Set system to operating parameters.
Light FID, turn on TCD, and place sample valve in load position.
Connect standard cylinder to sampling line.

Open valve on standard cylinder and let bubble for 3 seconds to flush loop. Close
valve.

Rotate sample valve to inject position, start integrator.
Turn second column valve to out position at 1.6 min.
Turn second co]ufnn valve to in position at 8.0 min.

At end of run turn sample vaive to load position.

Disconnect standard cylinder.

2. Ambient Air Samples

This procedure can be used to load low pressure samples in stainless steel sample
canisters, and to load low pressure standards at simulated ambient concentrations.

a.
b.
C.

d.

Set system to operating parameters.

Light FID, turn on TCD, and turn sample valve to load position.

Connect sample canister to sampling line,

Open valve on sample canister, and let bubble for 3 seconds to flush loop. Close valve.
Turn sample valve to inject, and start integrator, |

Turn second column valve to out position at 1.6 min.

Turn second column valve to in position at 8.0 min.

At the end of the run, turn sample valve to load.

Disconnect sample canister from sample intake line, record can pressure, place cap on
sample canister, and place on table for light hydrocarbon analysis.
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5.3 Calibration Standards

There are two types of calibrations performed for the hydrocarbon analysis. One is for the amount
of the various hydrocarbons present and the second is for the identification of the retention times of the
different hydrocarbons species.

5.3.1 Quantitative Standards

The concentrations of the individual hydrocarbons were determined by their uniform
carbon response on the FID. This procedure is the recommended calibration Pprocedure and has been
shown to be accurate to 5 to 8% (Lonneman, 1979). The primary calibration standard used for the light
and heavy hydrocarbons is a NBS traceable reference gas standard obtained from Scott-Marrin, Riverside,
CA. The specifications of the standard are shown in Figure 5.3.1.(a) the light hydrocarbon fraction is
calibrated against propane and the non-aromatic fraction of the heavy hydrocarbons are calibrated against
hexane. The aromatic hydrocarbons are calibrated against benzene. The standard cylinder is returned
every year for recalibration by the manufacturer. The concentrations of the hydrocarbons in the standard
are converted to parts per billion carbon (ppbC) using the procedure described by Westbert et. al. (1984).

The concentrations of the individual compounds are determined by using an External Calibration
procedure, in which the compound’s response is compared to the response of a standard. The primary
calibration standard is an NIST traceable reference gas standard obtained from Scott-Marrin, Inc.,
Riverside,CA. The specifications of the standard are shown in Figure B.5.3.1(b) & (¢) The standard
cylinder is returned every six months for recalibration by the manufacturer. In addition, a standard
containing toluene, o-xylene, ethene and propene is used to verify response for these compounds.

Standards for aldehyde determinations were prepared as described in ARB Method 110.

Intercomparison of the light and heavy hydrocarbon runs can be made using both the propane
peak and the hexane peak. The propane peak can be used because the heavy loaded column is capable of
separating the lighter hydrocarbons.

5.3.2 Qualitative Calibration

The retention times were calibrated against commercial gas standard blends of different
hydrocarbons and trom laboratory standards prepared from neat materials.

The commercial gas blends are available from Ideal Gas Products and Scott Specialty Gases.
These standards are used to establish retention times and to check concentrations obtained from the NBS
traceable standard.

Laboratory standards are prepared from pure materials for those compounds not available in gas
blends. Known quantities of the pure materials are diluted with a measured volume of "zero air". Dilutions
are made in stainless steel canisters and are stable for use in retention time calibrations for several
months.
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FIGURE 3.3.1 (a)

2001 THIRD ST. » UNIT H * RIVERSIDE, CA 82507

% EE%E SCOTT-MARRIN, INC.

TELEPHONE (714] 784-1240

Appendix AA
Revision O
August 1987
Page 44 of 6

REPORT OF ANALYSIS

TO: Steve Hoyt

Environmencal Analytical Science

3576 Empleo St., Suite 5
San Luis Obispo, CA 93401

CUSTOMER ORDER NUMBER: 117

DATE: 23 October 1986

W

cYLINDER NUmBeR _CCl121

COMPONENT CONCENTRATION(v/v)
Propane 4,71 = 0.05 ppm
n-Hexane 5.12 =+ 0.1 ppm
Benzene 5.01 £ 0.1 ppm
Nitrogen Balance

CYLINDER NUMBER
COMPONENT

CONCENTRATION({v/v]

CYLINDER NUMBER

CYLINDER NUMBER

COMPONENT CONCENTRATION{v/v) COMPONENT CONCENTRATION(v/v)
i
L /n o ’ ) ," " r'x e
ANALYST__ 70 % A el APPROVED i3
M. C. Dodd J.7. Marrin

The andy Latsdily of the comoany 10r gas which Lais 10 comply caith thag analyws shall e replacement o reanalyi thereof by the

company wilhout eatry cosi.
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FIGURE 5.3.1.(a2)

TO:
Steve Hoyt

Environmental Analytical Services

SCOTT-MARRIN, INC,

2001 THIRD ST. ®» UNIT H * RIVERSIDE, CA 92%07
TELEPHONE (714) 784-1240

REPORT OF ANALYSIS

3576 Empleo, Suite #5
San Luis Obispo, CA 93401

CUSTOMER ORDER NUMBER: 1253

TN R I R ey T

CYLINDER NUMBER

CCo2416

COMPONENT
inyl Chloride

i 1loromethane
richloromethane
,~-Dichlorcethane

» +1=Trichloroethane
2trachloromethane

- zhlorcethylene
inzene

., ~-Dibromoethane

2 rachlorcethylene

CONCENTRATION(v/v)
5.14 * 0.1 ppm

5.25 £ 0.1 ppm
0.515 = 0.01 ppm
5.20 £ 0.1 ppm
0.520 £ 0.01 ppm
0.525 %+ 0.01 ppm
0.530 £ 0.01 ppm
5.25 £ 0.1 ppm
5.29 £ 0.1 ppm

0.530 £ 0.01 ppm

Lcrogen Balance
anayst__ 27 4l~csif
M. Dodd

The oniy isbulity of this company for gas which fails ta ¢cot

COMpany without extra cost.
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FIGURE 5.3.1 (a3)

5 In SCOTT-MARRIN, INC.

2001 THIRD ST. *» UNIT H * RIVERSIDE, CA 92507
TELEPHONE (714) 784-1240

REPORT OF ANALYSIS

TO:
Steve Hoyt

Environmental Analytical Services

3576 Empleo Street, Ste, 5
San Luis Obispo, CA 93401

CUSTOMER ORDER NUMBER: 1367

DATE:
12 September 1988

R R A 2o o s 5 DL LOLLL LU LG L LT L Lt v e L T LT Y

CC68692

_CYLINDER NUMBER

COMPONENT CONCENTRATION(v/v)
Halocarbon—-12 5.20 £-Q.1 ppm

Halocarbon-11 4.40 £ 0.1 ppm

1,1-Diéhloroechylene 4.37 £ 0.1 ppm
1,1-Dichloroethane 5.05 = 0.1 ppm
1,1,2~Trichloroechane 5.20 %2 0.1 ppm

Nitrogen Balance

ANALYST

. WGay~"

The only iiability of this company for gas which fails 10 co
company without extra cost.
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5.4 Calibration Procedures
5.4.1 Methane

The methane analyzer was calibrated by passing the methane standard through a 1.0 mL calibrated
sampie loop. The standard was then injected onto the column according to the standard operating
procedures. The concentration of the methane is determined using the following formula.

Methane (ppmC) = Standard Cone. (ppmv) * 1 * (Sample Area/Standard Area)
The factor of one accounts for the one carbon atom in methane.
5.4.2 Hydrocarbons

The light and heavy hydrocarbons were calibrated by using a dilution of the 5 ppm NBS traceable
standard. A summary of the calibration procedures is shown in Table 5.4.2. The daily calibration consists
of a zero point and two calibration points (10% and 100% of range). One calibration point is run at the
beginning of the dat and one at the end of the day. Weekly, a three point calibration is run to verify the
linearity of the instrument. During the monthly internal audit of the analytical system a 5 point calibration
curve Is run to establish performance criteria for the system.

Standards were prepared using a gas dilution system on the gas chromatograph or by making static
dilutions to atmospheric levels. The gas dilution system is constructed from an 8 port gas sampling valve
with a 0.05 mL, 0.5 mL, and 5.0 sample loops. The loops are filled with the standard and flushed with
"zero air” prepared with an AADCO Model 737 pure air generator. The three loop sizes are used to
prepare a three point calibration of the system to check the linearity in the concentration range of interest.
The gas dilution system is used for the daily instrument calibration. The concentration of the
individual hydrocarbons is determined using the following formula:

Hydrocarbon (ppbC) = Standard Conc. (Ppbv) * number of carbons * (Sample Area/Standard Area)

Standards at atmospheric concentration levels were prepared by diluting the NBS traceable
standard in stainless steel canisters. The standards are diluted by using a calibrated syringe to inject a
measured volume of NBS traceable standard into a passivated stainless steel canister. The canister is filled
with a known volume of zero air measured using a mass flow meter. The diluted standards are run in
exactly the same manner as the samples and serve as a check of the sample concentration and injection
system.

34.3 GC/MS Compounds

The GC/MS Compounds were calibrated using a dilution of the NBS traceable standard, The daily
calibration consists of a zero point and two calibration points (10% and 100% of range). One calibration
point is run at the beginning of the day and one at the end of the day. Weekly, a three point calibration is
run to verify the linearity of the instrument. During the monthly internal audit of the analytical system a §
point calibration curve is run to establish performance criteria for the system.

Standards were by using a gas dilution system on the gas chromatograph or by making static
dilutions to atmospheric levels. The gas dilution system is constructed from an 8 port gas sampling valve
with a 0.05 mL, 0.5 mL, and 5.0 sample loops. The loops are filled with the standard and flushed with
"zero air" prepared with an AADCO Model 737 pure air generator. The three loop sizes are used to
};repare a three point calibration of the system to check the linearity in the concentration range of interest.

he gas dilution system is used for the daily instrument calibration.
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The concentration of the individual hydrocarbons is determined using the following formula:

Compound (ppbv) = Std. Conc. (ppbv) * (Sample Area/Std. Area) * (Std. Volume/Sample Volume)

Standards at atmospheric concentration levels were prepared by diluting the NBS traceable
standard in stainless steel canisters. The standards were diluted using a calibrated syringe to inject a
measured volume of the NBS traceable standard into a passivated stainless steel canister. The canister is
filled with a known volume of zero air measured using a mass flow meter. This ambient level standard is
sent to another laboratory for calibration against the NBS 5 ppbv VOC standard. The diluted standard is
run in exactly the same manner as the samples and serves as a check of the sample concentration injection
system.
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